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PREFAC1S 



Ten book le a r«pniit of various articl<e perUining ««p«eiftj]f 
to the ameltmf; &nd refining of lond, tof;other with n few ArticJes 
rdftUng U> ihe mining of lead ore, wfjcb have appeared in tb^ 
Enginetring and Mining Journal, chiefly during the last three 
yrtkn, tii n fevr capon aiticlee from earlier idHue« have been ioeefted, 
in y'tey cf ibelr epeoiftl importaDce in rounding out cctCuQ of tbe 
flUbJMtd Lreatod. For the aamo roasoc, aeveral articlee from tho 
TranMottioriM of Ihe American Institute of Mining dnglneera bavo 
bvtfn inoorpurated. peruiLwiou to republish them in this way 
having Ihtui iruurteuualy granted hy Lhe 8ecret.Ary i>f t!ie Iiiatitute. 
Certain <A the other artid«6 compriaed in thifi book are abatractA 
of papet» originally preaeiitfKJ before cjipHfionn^ eocietiee, or 
pubtiMh<id in other techuical periodicnia, aubtftaqtivnlly republished 
in the Enginemng and Mining Jtyumatj a» to which proper 
ark nnw lodgment hn^^ l^trn maih* iti all vntav. 

The articles tumpriac^I in thia book relate to a variety of 
t»ubjc<td, which are of imporl-ancc in the practical mctallurity of 
load, ai:d especially in connection with the denulphuiiKatton of 
gnlona, which is now aocomplinhed i^.^i new clmu of proc<nt09 
known tut "liitvr. Roiutting'* fim-F^)*^/ Tli}} xufrTtvbwftjJ; jnlmduc- 
tion of Iheve ptoccBHCci into the metJwUuryy of leiM^'itiw bwn one 
of the most important features in the hidKiiy.gf tJrc tatter dtirinj; 
the laat twenty-five yeare. Their dijvijloprn^rit i4.*p fecont that 
th»y art not daewhere treated in ti^-biiiivi')it»ht^ipp, out»dfl of 
thp pages of the periodicals and thit trariMirtifmH "or en gin paring 
anrifitiee. The theory And praHir*^ of th«w prooewes are not 
yet by any means well uDderstood, and a year or two hence we 
nhall doubtloM jjoascee much more knowlodf-e eonccming them 
than we have now. Prompt information reepecting such new 
deveZopmentJi is, htiWBver, more dmirable than delay with a view 
to aayin^ the lairt wi^rd on thr- Hubj«ct, which ne\'er can l)e aaid 
by any of ui, eveu if we ahould wait to the end of the lifetime. 

IB 
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For thia reaaon it haa appeared useful to collect and republiah 

ia convenient form the articles of this character which have 

appeared during the last few yeazs, 

W. R, Inqalls. 
Aoeun 1, 1W6. 
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SOURCES OP LEAD PRODnCTTOW m THE nVITfiD 

STATES 

Bt Wai/tkr Renton Ikoallb 

lttM¥wmh»w n, 1MB) 

8ttttieticfl of lead production &m of value in two directioiM: 
(]} ta dbowinf! th« relntive proportion of the ktndj^ of E«ad pro- 
duced; and ('2) in showing thi? i^ourroe from which produced. Lemd 
ia marketed in three princtpal forms: (o) desilverieed, (b) soft; (c) 
lifitmiumal. or bard. The terms to difitiugtitsli belwet-ii Hnwni 
"a" and "b" are laexact, because, of course, Oerulv«mnl Imd Lt 
•oft l«ad. DcBilvehsod lead ilaoU is c1aseific<i as ''corrodinK/' 
which 16 the higheat i^rade, and ordinaiy *'deBi]veri>od." lioft 
l«adr referring to the MiesaitH product, may be either *' ordinary " 
or "chemical hard." The latter la such lead aa coiiLhjiim a. liinail 
percentage of copper and aiitmiony aa jiupuntlee, vrUkhn without 
makiDg it really hurd, increafw ita rcoifltancr ivgainnt the action 
of ocida, and therefore render it especially suitable for the pro- 
duction cf sheet to be used in sulpb uric-acid chAm1>er conntniction 
and like purpOfK*. The prcxlucijon t)f uhrfmc-ul Iwtd le^d iii*a 
fortuitous matter, depending tm the prcucncc of the valuable 
Unpuritiffl in the virgin oree^ If prcecnt, thcee impurities go 
into the load, and cannot be oamplctcly removed by the simple 
proccea of refining which is praftipt*ii. Noh(>dy knoiAs just wliat 
proportions of copper anri antimony are re<iuired to impart the 
desired property, and consequently no epcciflratioTis are made. 
8omr chemic&l englnecra call for u particular hrund, Irut thiH ia 
really only » wUiiu. oince the aamo brand will not be uniformly 
the aome; prootically one brand is ea good oa iinother, CorrodinjE 
lead 13 the very pure metat, which is suitable for white lead 
manufacture. It may be made either from fiesllveriEed nr from 
the ordinary Miasotiri product; or i.he lattper, if espocinliy pure, 
may be classed as corroding without further refrning. Antiniouial 
lead ifl really an elloy of lead with about 15 to 30 per cent, anti- 
mony, wiuch U produced aa a by-product by the desilvonseis of 




L£A,D SHELTLVG AND RCFIM.KQ 



btM bullion. Tlie antimony coMtnt b rarlable, U beSog possible 
for Ihp smfilw^r I" run ihe p6n--entaf(i* up u> 60. FormwJy it vm 
the genem] ruj^fom 1o tnaktr ntitinioniul It^ui with a coDtent of 
JO t« 12 per cent. Sb; Ulcr. with IS to 20 per ceaUi while now 
25 to 30 per cent. 8b is bost euitod to the market. 

The rolahvc valuoe of iho VAriotis enidee of IcAt) fluctuato 
fonjiidembly, according to the mu-kei place, and the den^und and 
itjppty. The sch«<du1«« of the An»«rican Sineltiug und Refining 
CnmpHny muke u n^ular differ«uliul cf 1Ct\ {mt MX) lb. betwnm 
OOTToding lead and doulverised lead in all cnarkcta. In the 
Bt. Louia market, de«UvorisQd lead used to eonunand a premium 
of bo. to Wo. per 100 lb. over ordloaiy Miiaouri; but now they 
•oti on appruxiinaiely equal terma. Chemical imrd lead isellii 
anniHimoi nt u higher price, aumelimiw at a lower price, than 
orduiAT/ MiruK>un U'-nd, according to the dcm&nd and supply. 
There ia nti regular dilTeivntial. Thia b also the caae with ftnti- 
nicjniaJ l«ad.^ 

The toiiil j>roduction of lead from ores mined in the United 
tfraini in nmi wvi 279hG23 Mu^ri tons, of which 2ir;^8 tons 
worn ditfilvcfriied, S7.K{)S Hjfl (meaning lend from Mimouri and 
adjacont Slatcti) and 10,656 antimoninl. Those arc the statistice 
III "Thr Minc^ral Induatry." The United Stales Geological Purvey 
reported nJb«tantinJly the wime f|uantili9s. In IW2 th^ pro- 
llufitiun ttna TdOrAlA lunji nt desilvi^rlerd, 70.424 tons of soft, 
and l(l,4H& toiiA of nutimonial, a total of 280,524 tous. There k 
at) annual proflni^ticrn oF 4000 to 5000 tons of white 1e^ direct 
(rum iifn al Jui^hn, Mo., which incroasee the total load production 
III Iha Ui^t«d Hutea by, fay, 3500 tonv par annunn. The prodtie- 
|IWl f4 iM^t rpjNirtrd lu "unft *' fhirH riftt represent the full output 
|i| litMtUlt Slid sdjaoriint 8t4tl4'A, l>erau!w a good deal nf their 
ViV, tMlf nnn-argentiferoua, except to the extent of about 1 ot. 
,M| ^m in Mtrti^n diiitriots, ie smelted with silver-bearing ome, 
{nlM Hiiw |iUi» M\ ardent if ercius lead; while in one ca^e, at least, 
.^t utin- argent if era lis lead, obtained by smelling the ore 
t, 9 ^Ivallvvaiiad for the sake of the exira reJiring. 
'boKrtUI t^tea alt) nf widespread occurrence in the Utiit'ed 
'k1hiifU|huul the llocky Mountains there are numerous 
iiU \u whinb the ore earrlcs more or Icsa lead in connection 

u., ii Lj utL\ -LitHLUMOd ImjI rMnnund«d a prvmlum of fthoul Ic 
««d. nmtDg ta Ihc hifh prioo fur viiiRioay. 
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with gold and silver. For this reaeon, the lead miQing industry b 
not commonly thought of as having such a concentrated char- 
acter as copper mining and zinc mining. It is the fact, however, 
that upward of 70 per cent, of the lead produced in the United 
States is derived from five districts, and In the three leading 
districts from a comparatively small number of mines. The 
statistics of these for 1901 to 1904 are as follows: ^ 
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68.953 
46.657 
28,180 

28.310 
24.500 


74,739 

10.725 
36.300 
22.130 


86jm 
£9,aS0 
18,177 
36,534 
20.000 


98,240 
59,104 
23,590 
30,192 
23,600 


24.3 

16.4 

10.0 

lO-O 

8.6 


26.3 
6.0 
7.8 


32,5 
21.2 

6.6 
13.2 

7,2 


32^ 

10.6 
7^ 
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7.S 
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b 
c 
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Total 


196,600| 200.444 


224,251 


234,726 


69.3 


73.7 


SI 


77,7 





a. The productioD in 1901 and 1002 u computed from dinfot returns from 
tbe mines, with an dlowance of 6 per cent, for lam of lead in smelting. The 
production in 1903 uid IBOl is eetUnated at 05 per cent, of the total lead 
product of Idaho. 

h. Tbia figure mcludea only the output of the mines at Bomu Terre, Flat 
River, Doe Run, Mine la Hotte and Fredericictovn. It is computed from the 
zeport of the State Lead and ZJnc Mine Inspector aa to ore produced, ^a ore 
(concentrates) of tbe minaa at Bonne Tsrre, Flat River and Doe Run being 
reckoned as yielding 60 per cent. lead. 

c. Report of State CommiBsioaer of Mines, 

d. Report of Director of the Mint on " Production of Gold and Silver in 
the United St«tee," with allowance of 6 per cent- for loss of lead in smelttng- 

e. From atatistics reported hy "The Mineral Industi?," reckoning the ore 
(ooocentiatea) as fielding 70 per cent. lead. 

Outside of these five districts, the most of the lead produced 
in the United States is derived from other camps in Idaho, Colo- 
rado, Missouri and Utah, the combined output of all other States 
being insignificant. It is interesting to examine the conditions 
under which lead is produced in the five principal districts. 

LtadviUe, Colo^ — The mines of Leadville, which once were the 
largest lead producers of the United States, became comparatively 
unimportant after the exhaustion of the deposits of carbonate 
ore, but have attained a new importance since the successful 

1 The figures for 1903 and 1904 have been added in the revision of this 
article for this book. The production of lead in the United Btatce in IQ03 
waa 276,604 tona; in 1904, it was 302.204 tona. 
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IstroductJon of meaoe for iwpni&tmg the mtx«d sulphide ok, 
wliiot occurs there in very Likrge bodic«t. The lead pmduutton of 
Ltttdvine iti Xmi wt^^ n^iO loii»; 17,973 Wm m l^m, 24.299 
Ions in IK99i 31,300 torn* in 1900; 28.180 tona in 1901, and 15,72^ 
toiu in 1902. Thd Lcftdvilic mi3C€>d sulphide ore aae&ya about 
KiMTCGnt- }'b, 25 pcveont- Zn and 10 i>i- ailver perton. It is 0Op^ 
thTuLed into u xlnn product aMx^tying about 38pcr<!ent- Zn iind 6 per 
i»;nt. !'[>, EUiil n ji^ult^nji pnidui-t nwuyinf^ utKiut 45 per cent, Pb, 
10 or 12 per cent, Zti, ntid 10 nx. silver per ton. 

Cvur H'Alcnc. — The minos of thia district arc opened on 
fimure vdiu of great oxtont. The ore is of lew fcrude and requiroe 
concentnition. An mined, tl cont&ina About 10 per cent. I^ttd 
luid H viirmhld pntjKtrtidn of rdlver It is nmrkH.nl oK mineral, 
Avcm^Dg nbout 50 per ccnt> Tb and 30 ot. ailvor per ton. The 
production of Icftd one in Ihie district ia carried on undor tbe 
<liHadviirtiiKOA of remoi^mcMi from the principal ntorkete for pig 
Imd, hjgh-pricod Ubor, and compAratively exponfliv« fiuppli««. 
It enjoyK the lulv^inUgm i>f larg« ori^bcxJipK of comp&r&tWely 
high ixadc in lead, and an important silver content, and in niauy 
CAMS cheap water power, and the ability to work the minca 
tbroQgb adit levels. The cost of mining; and miJlinK a ton ol 
crude ore is |2.6U to $3.50* The millB ar€ eltimtcd, Ronerally, 
at Eome distant from the minffl, the ore beiiig crani^pcrled by 
nilway at ^ co«t of ^ to 20l-. per ton. The dr»«ing m done in 
luge ruiUa at a coal of 40 to 5()c. per ton. About 75 per cent, of 
tbe lead of the ore is recovered. The oonceotratee art? m>ld at 
W per cent, of their lead contenie and 1*5 per cent, of their ailver 
con^ntA. leaa a amelting etarge of $8 per ton, and a freight rate 
of t& per ton un ore of ItsM Llmo $50 value per ton. $10 on circ 
worth 160 to $65, and $12 on ore wcirth morfi than $0!i; the ore 
v&luQB being computed f. o. b. tnintb, Tbe settling price of lead 
ia the arbitrary one made by tbe American Smelting and RefiniiiK 
Company. With lead (b ore) at 3.5e. and sdv^r at bOc., th« 
vmlu«r f. u- I), minea, <>f a tun uf cr« containmg 50 per cent. 
nnd 30 ox. allver 15 appraxinutely as followji: 

mux aVO*«DCllb. laLd.nt3Ao. faiJBO 

$0X 0.06 -28.6 01. «lvcr,ftlHJe. U.26 

Qnn Yftiue. t. ix b, mlnca. $46.75 

Lmb frtTLghi, tm, «^d nnBltf ng ctuu^ir $8 LBJIO 

FJ«t v^iM, J. o. b. mauw ■ ._. $S7.7fi 
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Atfumbg &Q &vcn^ tji 6 tOBS of crade ore to t ton of ood- 
cmtntt^r the vtthw per Um of erwlo ore would be About t4.Q3), 
A&d tbe DCt iirolit per toa ^>out (1-62}, wbkb fifureB are infirMaed 
23.75c. for tmeh 6e. rive Ln tbe vtdue of sflv^ above SOc. per 
uunce. 

Tli£ prodtictton of tbe Ccrui d'Aleoe once 1895, as repOft«d 
by tbc mitioi, hu been u follovni: 



t^«a 
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A0.006 
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Tlic number of produMfft in tbe Corur d'.Ucfic district i» 
oompftfuUvdy email, smd many of theni have recently conaolU 
dat«d, uDder iHe name tit tbe F<^ni] Uinir^ utd ^mriting 
Company. OutAde of that ronvrm arc the Uunk^r tlill ^ 
Sultivan, the Uomin^ and Ihe Hcrcula mmcn, cootrol of which 
has latdy bocn secured by tbc American Smelting and Hcfinin^ 
CodopACiy* 

S«4ithntUm Mummri, — The mo«t of the lead prwjuced &d 
liua region conws from vital is called ihe dimemiuated district, 
cumprliEiij^ the iitiijce of Boane Tcrre, Flut Rlvrr, IX>e Run, 
Bline U Motte and Frederic ktown« of which tltoec of Boiiiie Tem 
ADd Flit River aie the moec important. Tbe ore of this regioD 
Ii ft m^inriin UnieMoiie UD|Hegnat«d with gat^na. The deposits 
Ue neafly llftt stid are very large. Tliey yield iiixutt 5 |i^ i^ut. uf 
minend. whtcU aaanya uliout ft& per cent. lead. The low gnwJe of 
tlie ore is Ihe oikly disadvant^e which this distnct ha^, but this la 
so aoob more tlian o0sGt by the nurrieroufl udvanUifiet^.tbat mioing 
Is conducled very profitably, and it is an open queetioa whether 
lead can be produeeJ mnre cheuply here »r in UieCoeur d'Alene. 
Tbe nuaee of Aiut^LeajtUrni MbtBoitri are only 60 to 100 lujlfn 

>0«M**<ir«iMr lo Um tnti of l««d. 

> Tluvc fipmv ue doubtiiJ; lL«7 an probab^ too hii^, (8m table <m 

p. A). 



i^Ii.iULTit' from St. Loub, And hit ui clow proKimity to t)w coal- 
fields of southern Ulinoiei, which af!t)rU chcnr^ fuel- The ore lies ^ 
At dcpthfl of only 100 to 54)0 ft. bcUsv the durfuoc. The ground f 
jtftndii ndmirKbly, wilhout. itny limbcriiij^- Luhor and t4up)>Jie0 
are (Tompurjirivrly pbvip, MihIilk unii iiiilliTig <"iin be lione for 
II. OG to SI, 2^ per ton nf rrudo orc^ whrn tmndtirlcd on the largo 
scale that in common in thia district- Mo^rtr of the fnining com- 
ponJCJ} arc cqviippcd to r^rnoll their own ore, the ^meltcre being 
either at tho minmi <tr m-iir Si, l^ub, Th<^ freight rate on con- 
eenttatCK to St l^^iils i^ Sl-40 per ton; on pig Uad it i^ $2,t0 pOT 
ton. The total vntii of i>n>ihii:ing \ng lead, liclivrroi »t S(. Ixtuie, 
ifl about 2.21jc. per pound, not allowing for iDteitst on the mv«etr 
meat, amortisation, cte^ 

The productioD of the mined in the disseminntod district in 
1901 WW equivnient to 46,667 tons of pig lend: in 1902 k waa 
60,^50 ton«. The inilling rapnrity of the di^triet i« about AOOO 
tons per dny. which corresponds to a capacity for the prod ui; lion 
of about 67,000 tons of pig lead per annum. The ^U Joseph 
Lead Company i» building & new K>UO-ton miU, and the St, Louis 
Smelting nnd Refining Company (Narjonal l^ad Company) U 
further incrmwing i'.s output^ whir-h im|)rove»nientfl will increaao 
tlie daily milling capacity by about 1400 lona. and will imaijln 
the district to put out upward of 66.00(] tona of pig Ipad. In 
thta dietnct, && in the Ctrur d'Alone, the industry id cloady 
cone en I rat cd» ther* being only nine producer*, all lold. 

Park City, Utah. — Nearly all the lead produecjd by thifl 
camp ciJnn*fl fniin the Silver King, Daly Wwtn OnihHii, Quinc-y, 
Anchor and Daly mince. whi<:h have targe v«inh of low^Kradc ore 
carrying argentiforoue galena and blende, a galena product being 
obtnincfl by dni^iiij^, and xinklforoua tailing?i, wh^(-h are aeeu- 
muUred fur hiTihtrr IrMJiirur-nt its sine ore, when mailcet conditions 
justify,' 

Jofilin DUirict. — The lead production of southwestern Mis- 
souri and southea^cm Kan?taA, in what is known a& the JopIJn 
district, IS derived entirely as a by-product in dressing the Einc 
ore of that disf.rirt. It is obtained as n product awaying about 
77 per cent. Pb, and is the highpst gnid« of lettd ore produced, 
in lance quantity, anywhere in the United States, It is smelted 
partly for the produttion of pig lead, and partly for the direct 

■ I'hn pHKJuctioEk of line ore la ihv divtriut hM> nvw bnu counncucod. 
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manufacture of white lead. The lead ore production of the 
district wu 31,294 toiu in 1895, 2fi,927 tons in 1896, 29,578 tons 
in 1897, 26,457 tons in 1898, 24,100 tons in 1899, 28,500 tonB in 
1900, ZbJQOQ tons in 1901, and 31,615 tone in 1902. The pro- 
duction of lead ore in this district variee more or Icbs, according 
to the production of zinc ore, and is not likely to increaae mate- 
ri^y over the figure attained in 1901. 



HOTES OH THE SOITRCE OF THE SOUTHEAST 
Mlb^UKI LEAD 

Br H. A. Whebler 

The Bource of the lead that is being mined m lai^ quantiUce 
In Boulheoatern Miaaouri has boon a mootod queatici)- Xor ia 
the orij;iD of the lead & purely theoretical queetioD, tm it has ba 
impon^Dt bearing on th^ possible etteDHion of the orGbodiea 
inU> Uiit unci tf dying aaxidstooo. 

Th«^ (ltteeminat«d lead oree of Midootiri occur in a skaJj, 
ma^rcsiun linu^tone oi Cairibrifln t^e m St. Fron^om* Madiarm 
and Wnainngt'JD oouiitiefl, froiw 60 to I'AQ milea south uf St. LouJji. 
Th« liin&itoiie t» kauwn un the Bonne Ttrtv, or lower half of 
"" Uin l.hinJ nmf^iinii^ii liitkAtom* " of ilit- M imiiun OroloKica} 
Siirvcy. and rtete tm a utidt^U^ne, known aa '* the third tfandatonc." 
that ifl the baae of the oedimentarr fonnationa in the area. Under 
this sandstone occur the crystalline porphyries and jc^aritMi of 
Algoakian and Arihcan ii^f^j whi<rh outcrop lut knolx and tHlnnda 
of Ufnitcd ettent atnid Ll^ inialt^nvl Oambrljin and ljim-nr ftihirian 
eedimentd. 

The [dkd occuri ts trre^ar fcranuJca of jcaJcna acattcrod 
through the limcfloao m cwK^ritially honxontul bodioa that vary 
from 5 U> 100 ft in thickn«Ai, from 25 to fiOO ft. in width, and 
have«xcfl^r<l 9000 ft- in If^gth, Thrrr tn mi vrin Htnirtitre, no 
cnishiniE or brt^tiatior of tbc incloahiK rock, vH then orebodMs 
have well defined axes or cour^cG, and remarkable reliability and 
peniateitay. It is true thai the limetftone 10 tuaally darker, 
more porotw, and more apt to Kavo thin •««»» of very daric 
(organic) abalea where it is oro-bean'ng than In the summnding 
bancai ground- The on^bodia, hovever, fade out grftdually, 
with DO eharp Had between the pay-rock and the noii-payiof:/ 
asd the lead ii lanly, if ever, entirely abeent in toy eactent ef 
the limestone of the region. White the main eoune of Ihe ere- 
bodies eeeone to be intiinatdy connftled with the axea of the 
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gentle AuUcUoal foldt, DUmcrous croeo-nuie of ore Lhal «rt imho- 
dAtcd inth aUght ImiIU ore Atmoet tis iinportiuit 4s tho irmbi 
ahoottf, uid liavt been followed for &0(X) fl. in IchrUi. IImbc 
CTOfls-nins ftn> iomeiimea rkher IhaQ Ibc nMin nuw, ^t kuC 
Q^AT the inlcnwcUons, but they srt- nnrrowirr, uik! |ijirtjik« man; 
of the type of rer1io&] dnotfl, mn clialiiiguldhctl Frimi thr hnriMonUkl 
^oct-form. 

Mo«t of tbe cfCbodi«« oecur M. or clcwc to, tbc buo of the 
tiinMoB^, Kiul froquienth' in the trftn«ition ro«k b«tw4>oti the 
uiukirlytng HLndMUine luul thn limectonr, thr>ugh vonio nouiblo 
aad important Iwdim hAVi; In^txi found frnni 100 (^ 200 ft- libo^e 
tbe aMUlatoiK, This ruAk<9 the working depth from the Airfoco 
vftry from LftO to '260 ft. , for the upp^ crebodice, to 300 to 500 ft. 
deep to tbe main or bual orebodiet, a^conJiiig u erosion b«iB 
refDoved the one-bearing Itmottone. Tbe thidmen of the tatter 
rangea from 40) tt GOO ft. 

AflMxiated ivith the galena aro leoB amovuita of pyrite, whicb 
especially frinsce tiie orebodics* and very small quantitiee of 
ehiloopyritOi tine blende, ftnd u«i;eniie lihe double eulphide of 
nkked «nd eobalt). CaJcite filao oeeura, e^MciaUy where leoent 
leuehtng Wi opened vuga, cavea, or ctunn^lH bi the ]tiiiefiton«, 
wtiKii newiiidary euncbment freijuetitlj incrunta <hit« upentrign 
with crytttola of CAlcite ftnd galeaa. No bariti; ever oct-um with 
the ditfoeminated ore. though it is the principal i;angue mineral 
is Uie upper or Poioei member of the third uia^uenian limatfkner 
and in n4<vi?r uliamt in lli« Mnall ore occurrencicsi in the still higher 
necond itmgnBiiiiu UiueHione. 

While the avenge tenor of the oro ia low, the yield being from 
3 to 4 per cent, in pig lend, they are eo peniMent and ecufy to 
mine that the district todMy ia produeiug about 70,000 tons of 
pig l«!ad annually. And at a very Kaiinfiu^ory profit. As the 
ouLfitLl wju> nUiut 250(1 U>iid lead in 1X73, appnoximalrly 8500 
Iciu) in 1883, and about 20,000 ton^ in IB93, it chone that this 
dktrict a young, for the principal growth hv been within the 
Iwt 6\'oycaiv. 

Of the nurocrouH but much xmallcr occurrences of lead elae- 
where in Mbantiri and tlit- Mimiivippi viJlfTy, none reBemklee this 
district in character, e fad which ia unique. For whili^ the 
ICackerokh teed depottte, ia Ganttny, ftre dltnrmniiintnl. and of 
«Tieo lover ^Mta tbu m Mkaouzj, ihtj occor in a uodMono, 
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ttnd {like oil tho \t&d depoatt£ outsido of tbo Mi«fliasi|>pi vaUey) 
Lhey aT« arj^enllferous. al. te^st to an fixtent sufficient to Tnake 
iheextractkoiiof tlie dilvor profilAbleiand on the non^argBntiffrroua 
diJimiitctr lii thiT dimKminatid di-punUb hiiii^ my nlavy^ 

Of tJift numcToujft hyiKithr-eefl advanced to account for th© 
orijciD of thcj«<7 dc'iJoflit.-". thcrfi are otdy two llut ftoom worthy of 
(Tontf idem lion: (») the i(i/*T(i/ tn'cr^tion theory, and (b) dtpoaiti^n 
fr&m iot-uHemn oj deep-neauti origin. Other iheori^ evoh'od in 
ihtt picinnrt pmiici iif niiituimir ^tioU%y an? intf<r<»ling. diinfly by 
n'ofliju of i\u-. dilpK'iiliJufl umkr which the itorly ^Lruggler^ after 
gcnln|fic:nl knowlcrt^o hhixcd the pathway for modem rcdcurcli 
luid olMi^rvntion, 

The lnti*ral Mtt-rotion thniry, u* now ino<ierniaed into llw 
sf^tTcirulnry nnridinu'TLt hypnr.hratm, hiui nini^h tnrrit U'hen applied 
to the Bnuthcttfltcni and reiitrml Miwiiniti Irad dcpoaita. For ihc 
limoatoncji Ihroufihont Miwonri — ard they (irc the outcropping 
formation over more than half of the Stotn — arc mrcly, d ever, 
d«void of at Ictfuit tli^hi umountit of l^jul and sine, although th^y 
mngr in Hgp from Iht* rftrlmniff^rTHis down to lh(i ('jimhi'mn 

The ftHl>-Carbo[tif*roii* fomiation (^ Hhm>At enliroly miulc up 
of U[iL«fltonefl, which aggrc^ato 1200 to 1500 ft. in Udckneefl. 
They frequently contain enough lead (and loss often z\n^) to 
arouae the hopee of the farmer, and more or less prospecting has 
been carried on fn^m Hannibal to St. Louis, or 125 milea along 
the MiasEH^ippi fnoni. and west to the cenLral part of the State, 
but with most diacouru^ing reflulta. 

In the rock quarries of St. Loub. immediately under the 
lower coal mcaauree, fine speeimena of millerite of world wide 
reputation occur aa filiform lininga of vuge In thia fiub-Carbonif- 
orous limeMone. Thate vugs occur in a milid, unalterei] rock 
wbioh givE-JK no due to the eiuatence of the vug or cavity until it 
ia accidentally bniken- The vuga are lined with cryi^talfi of pink 
dolomitCt calcite and mUlerite, with ocoiiaionally bahte, neionite^ 
galena and blende Thoy occur in a well-deftned horizon about 
S ft, thick, and the vofpi in tht> linicBrlone above and l>iJow thiM 
miilcinl* bed contain only mlcriti?, nr Irj^i frnqocntly dnlnmitr. 
Yet Lliia sub-CarbonifcroUB formation in tiouthweatcni MisgwuHp 
abttut JopJia, carries the innumerable pockets and sheets of lead 
and uno that have made that district the moat important sine 
pfoducflr w the world. While faulting and liniLted tolding ooour 
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\n t^smm and cmtnJ MiraaiHin to full/ u gjvmi nn «it«nt m in 
Sl Krma^ia county or the Joplin cJwiricti thus fu no nuoeral 
co»c«DtratioD into workAbl« orabodiw hAi booD found la this 
fonnatioo, except in Uw iopUn arm* 

Tbe next imporiAm ««n«v of ltm«i<ogi«c tlist make up moflt 
of the t^-ntnil gxinkin of Miuuuri tir«i of iNluriftn H^e, Aibd in lliem 
k*a4l ttDil ^nc hxt liber&Uy acatlered over Urge Araaa In the 
reoidufti Burf&ce clnys left b^ dinoluUon of the liiiia]t<>nc» the 
fuBiere frequenUy nuke low wHfiw by gopheriiiic tkhci ibc IttKr- 
ntvd lead* ftnd the aggrcgAteof theee oumeroufl though In^gniJtctmt 
;^<)ph«r-hci1«4 makat quite m rvtipectnble totKl. Hut Ihey are only 
worki^l when tbwt* ia luithiog rise i*i i!o ua ih« faring »h with ram 
exceptif>n.i tbey do not yidd tivins wu|{«h> and tho financial 
roniltA €f mininic the rock are ev«n lca« vat mfttctorj-. Yet d few 
■mftU orebodiea have been found tiiAt were iindoi]btc<dly form<H] 
by local teaching; and nspreripttntinn of Lhiit di(Tu»L<d TcJid »nd 
£in«, Ruvb on^lHJilira oticur jti nptrriini^ nr mivis, with wril 
erjvtallLsed fomw of s&lciuv and blende, and mvarinbly asnorLntod 
with cryoialliflcd "tiff or bimle, £ fim not aware of any of 
thi^BQ pooketA or aecondary ennchrnt-nt* havitLj; produi^cd oh much 
&« 20OO ton* r^ Imd or linc, and very f^w have produced &8 
tnurb OH AGO tnttK, xlthf>uK^ otit^ of ihrsp pnrV«>tM wait rerently 
exploited w^ith hcioic qUAiititim of printor'« ink ha thu lar^eat. 
Ic&d Diine in the world. Yet there arc l&irsc arras in vrhich it is 
alfnofit imposFiblc to p^it down a drill-bolo without ^ndins 
*'ehin«e" or frifing Amounts of lead or eir? Thai ibese ceolral 
Missouri l^od deport* are due to Intfral wnvtion there se^ms 
Jitik dijubt, aud it is poaUe that laiiger pockete may yet be 
found whoip more favoraUe eondttione occ«t. 

When the ialcnU eocretioQ theory la applied to the diaaemi- 
nated depoeita of aoutbea^tern Missouri, we are confronted by 
enormous tiodi^s of ore, absenee of baHte* non-crystalliied tondl^ 
tii^D of tie galena exce[}t m local, amall. evidently aecoudary 
depci&itA. aijj well-defined couraea for the main and croa^runrt of 
ore. The Bonne Terre orebody, which h&e been worked lonfce«t 
and fnofit ern^rpetically, has attained a length of neurly WIOO ft., 
with a produflioti of about 350,000 tons or 130,000,000 of lead, 
and (* far frtmi WiriK Fxhmmtwi. Orebudjea reeeiit,ly o]H*ni<<) am- 
quite b.1 pronilHiJiK' Tin- country rock ia not am broken nor on 
open ofl in central Mi^oouri, and ia therdore much lose favorable 
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for the Ucnl circulfttioo of minerml w&t«r3, yet the onbodics 
■wmMy «xceed than of the ecDtnl npon. 

Further, tt« Boone Tern fonDfttioa ia bCATiIy mteroalated 
with thick abeeta of dule tbftt woukl hinds ovcHying watere 
fnan rtachmg the base of the ore-bonsofi, where DXHt of the ore 
ocvmsr n> that the teachable aiea nould be cooGoed to a vefy 
limited Tcrtkal noge, or to but little greftter thicknes th^n the 
100 fL or so m which iDost of the orebodiea occur. While I have 
alwftjB fedt that such large bodies, flfaowizig rdativdy rafud 
pred|Mtation of the lead, could ikot be sateCactwly ezpUined 
except as having a dcq>-fleated origin, the fact that the dinwuii- 
oated ore is practiodly non-vgeatifenHB, or at least carries ouly 
ooe to three ounces per ton, has beoi a formidable obstacle^ 
For the k»d in the small fiaBure-veutf that occaskniallj' occur in 
tbe adjacent granite has always been reported as argentiferous. 
Thus the Einstein aUver mine, near FredoicktowQ, worked a 
fisBore-vein from 1 to 6 ft. wide in the granite. It had a typical 
complex vnn-fiUing and structure, and carried gakna that assayed 
iwm 40 to 200 oa. per ton. While the quantity of ore obtaiited 
did not jiotify the expensive jiUnt erected to operate it, the 
galena was rich in silver, whereas in the diaeminated ores at tbe 
Mine la Hotte mine, ten miles distant, only the customary 1-5 os- 
per ton cmscots. Occasion&lly fine-grained specimens of galena 
that I have found in the disseminated bc^t would unquestionably 
be rated as aigentiferous by a Western miner, but the assay 
ehowfld that the structure in this case was due to oth^ causes, 
AS only about two ounces were found- An apparent exception 
was reported at the Peach Orchard diggings, in Washington 
eounty, in the highv or Potosi member of the third magnesian 
limestone, where Arthur Thacher found sulphide and carbonate 
ore carrying 8 to 10 oi. of silver per ton; and a short-lived hamlet, 
known as Silver City, sprang up to vn>Tk them- I found, however, 
that these deposits are aeeocijited with little vertical fissure-veins 
or seams that unquestionably come up from the underiying 
porphyry, 

RecenUy I examined the Jackaon Revel mine, which has heen 
eonodered a silver mme for the last fifty years. It lies about 
seven miles south of Fredericktown, and is a fis8ure-vei& in 
Algopkiao fdsite, where it pfotrudee, as a low hill, through the 
diwnmlniliii linustoDe ftmnatkm. A shaft has just been sonk 
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about IfiO ft. ftt less than 1000 ft. from the feather edge of the 
Umestooe. The vein is narrow, only one to twelve inchea wide, 
with alicken-ffided walls, runs about N. 20 deg. E., and dips 
SO to 86 deg. eastward. White quarti fomui the piinctpal part 
of the filling; the vein contains more or less galena and iinc blende. 
Assays of the clean galena made by Prof. W. B. Potter show only 
2.5 OS. silver per ton, or no more than Is frequently found in the 
flisseminated lead ores. As the lead in this fissure vein may be 
regarded as of undoubted deep oiigin, and it is practically non- 
argeQt)fen>U0, this would seem to remove the last objection to 
the theory of the deep-seated source of the lead in the disseminated 
depoflita of aoutheast Missouri. 



HUTIHG m SOUTHEASTERIT MISSOURI 

Bt WaLTEH HeVTON IftGALLB 
CKtbrwy IS. IBOt] 

The St> Joseph Lend Company* ii^ the operation of Ito mlvtcB 
at Bociue Torro. doos not permLi the ca^^ cDiployed for botAlinff 
purpi»eti lo b« usof) for occefis to the mUie. MeD going to ft»d 
from their work mijiii climb the ladders. Thb rule does not 
ubUtiti in tJiK OLirt-r mini* i^f tht; dietritl. Tin? 8t- Jiiwpph I^aul 
Coinpun,v eniployv electric hauluge fur the trAncport of ore under- 
ground at Bonne Terrt, in (he other mined of the diMlrict, mulcfl 
lire generally used. The tlow of wuler in the miiMi «>f the dktnct 
is ff-ttreniely varirtiilft; minf. hivw v^rj* JJtlle; olhm hi*\"e n go(xl 
iiva]. Ttii- Ccnlrjd mlnm v* tnui iif thi? wv-lntiMt, tti the i-ntinf dudrier , 
making nboul 2000 gnJ. of wmtcr per minute Co«l in Aouth- 
eftfftCTQ MuBOun coct« 92 to t2.'^ per ton ddivcr^d at thr minr«, 
and tho eo«t of nucrng 2000 ^al- of wuter per minute from a dfrpth 
of something like 350 it- i* a vory eonjMdern1>l«> item m the eo«t 
cf mining ^nrt niillin^, whinh, in Ihn n^griigHte, in expentvd to 
ucuie to uot much over SI .25 per ton. 

Tlie ore shoots in the dLE4riet aro umimially latfp. Tboir 
pnoJBO Irend ha« not Ijoen identified. Some eon«idar tho pr^ 
dominance of tr«nd to he nonh^^t; others* northwcct. Th9y 
go hoth ways, and appear io make the greatest depoaitiona of 
ore al (heir iiiteraeetions. [lowev<er> the network of sboota. if 
that be the actual oceurrenee* ia laid out on ik very ^rand scale. 
Vertically there u also a difference. Some shafts penetrate only 
one «tratum of ore: others, two or thrc«. The orebody may be 
ottlj a few feet In thicknen; it may be 1D0 ft. or more. Tlie 
oceunence of several overlying orebodiea obviously indJcato 
the mineratisation of dIfTercni strata of limeatone, while In tl>o 
vtry ihkk orebodies the whole sons haa appareoUy been minef- 
lb«d 

Tire grvie of the ore is extremely variable. It may be only 
1 or 2 per cenl. mtuet^, or it mny be 1£ per oent. or otore. How- 
ie 
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ever, the average yield for the diatrict, in Urge minefl which 
mill 500 to 1200 tons of ore per day, is probably about 5 per 
cent, of mineral, assaying 65 per cent. Fb, which would correspood 
to a yield of 3.25 per cent, metallic lead in the fonn of concentrate. 
The actual recovety in the dresmng works is probably about 
75 per cent.^ which would indicate a tenure of about 4.33 per 
cent, lead in the crude ore. 



I£&D MUnNG Iff SOUTBEASTERH MISSOURI 

Bt R. D. 0. JoBWAOlt 

[Sepcember 10. LMO) 

The le&il deposiU of southoostorn Missouri ctary Kftletu di»> 
0ominaUKl in certiLio strata of m^gnesiaD liineetone. Their grvAtor 
dimcnHmnif nr^ generutly hon^oMlaL, but w'Ah uuLlmoH extrerody 
inygnUr TIiei 1»Tge orebuditvt ci)ji?ut(t tmuall^ of a Mrrim of 
smaller bodioEt dispowd pim^llel to otie another. Then; sitkallcr 
Dncmbcm may (Joal<5fl0Cf but are Kcncnilly nf;prirnt«d from ono 
Another by » vnrymf; thicknaw of Ic^n oro or barmc rock. Th« 
vertical and Ifltcnil dim^niKionii of an oml>ody may bo ddcroiinod 
with a fair <legiT« of AciTvirAi:y by diumond drilling, and a map 
Djay be coDJstnictcd from the infonnation bo obtained. 8iicfa a 
map (on vhich arc ptotUxJ the surface contours) makci it pomblt 
to detormino closely tho pmpor location of tbo ahofty or ahalte, 
considering nl«o the itiirface aod underground drainage and 
tramming. 

The tinA ahafia in the district were sunk at Boone TerrBi 
where the deposits lie comparatively near tho surfaceH The tarly 
practice at this point was to eink a numt>er of emalJ one-eom- 
paitment flbafta. As the deposits v^ere followed deeper, thb 
gave way to the practice of putting down two^ompartment 
ehafta equipped much more completely than w«t« the ehaUovor 
shart«. 

At Flat River (where the d^>o8ita lie at muoh greater depths, 
aome being over &00 fi) the shafla are 7 :< t4 ft., GJ x 18 ft., 
and 7 X 20 fl.. These larger dimensions give room not only 
for two cage-waye and a ladder-way. but also for a roomy pap^ 
eompartnoot. Tho largo quantities of i^aler to be pumped in 
lUa pan of the district make the care of the pipes tu Ibe shsfU 
a matter of first important. At Bonne Terre only auoh a qtian- 
liiy of vater tvHa ^-nojunU-m! ah omU be hafKllnl by baUha^ or 
bo taken out with the ruck; llH-re tbu ocily pij^ aftooaary via a 
etnan air-pipe down one comer of the shaft. When the quantity 

18 



NOTRS ON LRAD UlNmr- 



19 



water encountered ut 90 gretit that tlie coiitmucti lAorking of 
the minti (leponda upon iu uiunlcrrupted rcrmtvd* thi? c&rv of 
the piped L^c'oiuoa a m&Ucr of ^reat irDpojtiuice^ A dhaft whioh 
yields from 4000 to 5000 gul. of watex per mlnuie ia equipped 
witii two 12*111- «oiuMm pipi» and ivto 4-m, Httrani pi(i*» UDvered 
mnd nlkcuthni, Mor(H>vet. ihr pipe umipiuiiiLciLt a'lW pnyhMy 
contain ui E$-in. uir-pipe, tcetdefiftpeakinc-tubo*, pipits foreorn^ins 
electric wired, and pipc« for conJuotinf; water from upper levdfl 
to the Nump. To care ftir thcsft prop<^rly thtro are required a 
SOpiinte rornpurtinent und pSt^nt.y cif rtKiui. 

SliaftB are sunk by Uf^itig Icuipurory lieud frainra And in>li 
buckotA of from 8 to 14 cu, ft, cupucity, Whicrc the inHtix ol 
water was small, 104 ft. I^ve been sunk in 30 dayit. with throe 
' S-hour £hifUt two dnlls, and two men to eanh drills 2J4n- dnlfs 
. oreujted almost exclusively; Sl-in. drills Iiiive l>e«n used in linking, 
^Kbtd williciLit, jipparrnt intrrrvv; in ^pixx]' 

^1 The inltuence of the quantity of stater CDCountescd upon the 
^■jpccd of sinking (and the conr^cquont cont per foot) a iw croat 
^^ that figurce are of little valur, CimdilictiM nrc tn>i at ftH uniform. 
r At some point (osiially before 200 ft. ii^ rf'achpd) a horiKontal 

opening wiD be encountered. This opoilng invartably yields 
water, the amouat foUowkig closely the surface precipiLaUou. 

tU is the practice to establish &t this point a pumping staLioa. 
The shaft is "tinged" and the water ia directed into a aump on 
the iiden front which it is pumped out. Thb sump receives olao 
the didcSmrge of llie siakicLg puin[». 
I The shafts sunk in eolid limeetoue ret^ulre uo timbering othar 
than that necessary to support the guido. pipee* and ladder 
platforms. These timbGrs are (& x H ul and x S tn.. spaced 
7 or 8 ft. apful. 

^ Shafts are sunk to a depth of 10 ft. I^low the point determined 
on as the lower cage landings Fmiti the en<l at the boLloin a 
ROW drift is driven horizontally to a distance of 15 ft.; at that 
bt it is widened out to 10 ft. and dnveu ^J fL further. The 
whole ar^ (10x20 ft.) is then rosied to a point 2H or 30 ft. 
aboTe the bottom ijt the drift from the shaft The luwt^ part of 
this ckaniLer C(jiLstiLuu« Lhe aump. Btorting fruui thitf etiatnlier 
(oa Oftd mde and at a point 10 ft. above the cage landing, or 
ft. ibovtt tbe bottom of the sump), the '*pumf>-hoiiw" 'i» cut 
TUi puiqt-boiue IS cut 40 ft. long and is as wide iu» the 
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tump iM long* nitmclyt 20 ft. A nurrcw drift » driven to cc^nrect 
thn top of thi* ^lunip-hoiwp with thn shwft. Through thi* drift 
lli(? vjirbiJK fM;M5t riil.frr t.hn [mcTi|j-h(niM' fri>m thr. sUttft,. 

Thc^ pampn nrc thus p1fice<1 &t an elevniicm of 10 ft, abovo tbe 
bottom of the mine. Flooding of mmce, due lo failure of pumpe 
or to litnlcinK undcrgnmnd bodies of wntt^r, taufiht the nec«eaity 
of pinring thf« piimpa nt £uch »n elevation tliEil. thoy would be the 
liwt tit bt^ rovtfmd, thus giving time fur getting <ir kp<*ping ttiem 
U) operAtioD. Tho pumps are placed on the solid rock* the mr- 
pumps and condciiJ*cn* at a lower level on tinbcrB over the «uinp. 

With lhi« &rran£cmcnt , the bottom of the shaft «orvo8 aa an 
unKx^hwrnher for the j^ump, in wtiich w eojldctt^d the waahir^ 
fmm thn mine and thp dripping fmm the i:baft. The sump 
proper rurcly ncodi cieauiiig. 

The pumpe are generally of high-grade* compound- and triple 
OXpaiuion, pot^valvod, out^idc-p^Loked pluntror pattern. PUntA 
mth aloctricat power diglnbrnion have recently installed direvt- 
rnnnecled rompoinid J'eninfngal pumps with entire succesa. 

E^unips of the ComJah pattern Imve never Iraeji uaed iiiudi in 
this region. One suth pump hae be«u installed, but the example 
haa not been followed even by the company putting it in. 

The irregular disposition aS ttie ore remlera ivny systematic 
plan of drifting or mining (as hi eoal ot vein mining) impussible. 
On mrh aide uf Uitr filiiifL and In a dir(M.liim nt right iinglt« to ite 
greater horicontul diineniiiant driftfi 12 to 14 ft. In width are 
driven to a diatnncc of tiC) or 7U ft. In thcfic broad drifts arc 
Incuti^d the tracks and ulao the *' croeaovere " for running the can 
on and off the cage, 

\V1itn B <l(>jKiHit fa finit opened up, it is ujiuully worked on 
Iwiv ami wjmetiniea three, IrvrJi*. Tliwt evcntuiiljy t^ni into ona 
unolhcT, when the ore id hoi?tted from the Itiwcr level alone. 

The di*termj nation of the depth of the lower level is a matter 
of compromise. Much grwid oiYi mjiy be known to exi^l below; 
when i1 ^am<9( to mining, it will have tr> tie tukffn out at greater 
vxpense; but Ihr Icvt^l is uimcd to t^ut through the lower ix^rtions 
of Ihc main body. It is generally s^aff to predict that the ore 
lying bdow the upper levda wdl eventually I>c mined from a 
Iaw«r l«ve) without the expeose of local underground hoisting 
and pumpin^^ 

The t»ri- lia^ tlmjjly to be followod; no one can say in advance 
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la gtiiG^ to turn ouL Thp irreK^il^nty of the deimsltfi 
tiny gcfler«l pUn of mmin^ of little or oo value. Boine 
maniiffera endeavor to outline the deposits iy vtorLing on the 
ot)1«iciru, leaving tbe mtericir a« "ore reatrxm^" Such fMer^os 
hjkv« bo«n found to be no rcf«r\'«n at all, though the quality of 
the rocic nmy be fairly well determined by underground diamond 
tinllinic. U^ny of llie depo«it« aro loo narrow (o permit tlie 
employiDent of any aystem of outlining and at the eam« time 
keeping up the ore supply. 

The Individual bodies r^onstituiin^ the general orebody are 
nrely, If e^^er, completely separated by bmren rt;i.-k ; iwme 
"ntripgera" or "leaders" of ore counect thom. The careful 
eupenntendent keeps a record oti the riLonthly mine loap of all 
such oecurrcncee, or otherwise, or of bUtik wuJIs of barren rock 
that rcark the edf^e of the deposh. This precavitlon finds abun- 
dant reward wlien the drills eummen^e to ''cut poor/' and when 
m emrrh f<ir ore ia neceeaaiy^ 

The method of during Ih to rUe to the top of the ore and to 
cnrry forward a tiff, breast. If the ore ia thick onougli, ttiia \b 
followed by the underliand etope. Drill hfjlee In the breast are 
lunally 7 or K ft. in depth; fltope hotiH, 10 tr> 14 foet. 

ilolh thp mdf and iho flciur nrp drillni Viilh B- or Ift-ft- Knira 
pla<^ed 8 or 10 ft. apart. These aervc to prfjspcct the rtjck in the 
immodiato ndghborhood; in the roof they acrvc the further vrry 
ixnportiuit purpooe of draining out water Ihat miizht othenvisie 
oceumulnle between the itl.rutu anil thiit might fort^e th^^m to fnU- 
Thr rnndilicm nr mfnty nf thct r«nf U di'lrrruiiuvf by srtrikin^ with 
a hammer. If the Aound i.i hollow or "dnimmy/* tbo roof is 
iiOMfe. If vator ia allowed to occumuUtc between the looee 
otratfi, obviously it u not poioitbie to determine the condition of 
thcfoof. 

It ia thv duty of twri mon nn nach nhift (ii krep the mine in a 
cafe condition by taking down all looac and d:ini^cn>iiA ziijiafles of 
rock. These men arc known oa "mincm/' It sometimes happona 
that a comtidorablc area of tiie roof gct« intr> such a dangerous 
eondition thai it in either too rwky nr too exx>en»ive to put In 
order, in which ejun l)v xpnt^t^ iiTL^bTni.'nth ih fenred off. As a 
general thing, the mincn atre safe and aic kept eo. There are but 
few accidents of a «eriouiV nature due to falling rock. 

The roof ie supported entirely by pillare; no timburtng what- 
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ever i« ufl«J- The plllara nre parts of Lh« oreboily or roet Hiftt 
left. They are of alJ vari^ttoe of dse aikd eluipc. Tiity uv 
iwuoUy circular Id crosfr^ection, 10 to }5 ft. In dlameler and 
spttoci] 20 Ut 35 ft- Hfmrl., (]t*pt-ndii:g ii[>on tlie Fl]»rft(^ti?r uf llii? 
Foof^ Ptllare generally flare at tlie top to gtxc oa much mippoit 
to the roof as fonible- The hif^ht of the pillara correepondai of 
eourac, u> the ihtckneaa of the orebody. 

AU drilling; {^ <jorie by 2j-ln, percuaaion drtlli. In the early 
daye^ whtn iliiiiikiincl?i wr^n? \u>Tt1i $6 pi-r eamt, utidM^rtxind 
^atnond dnIU were uned. Diamrmd drilbt are iincd tiQvr oecii* 
noDtlly for putlir^ in long horiicimtat holcet for ahootinic dovm 
"drummy" roof. Air preseiirc v^rie* from 60 Uy 8fl lb. Ptq9- 
turofl of 100 lb, and mi>re have bf^en iiucUt bul the repaint en th# 
dril)}! hr^iiruf Kit gn^t l.hut the n<]vrin1u^4W of tTtv? higltrr prr^iHuro 
were iteutralizedH 

Each dril! ia opomlcd by two men, dc6ignat(^ t^ "drillere/' 
or "front hftnd^' nnd "bock hand.' The avcmfco amount of 
drilling p^r shift of 10 hfvum is in r,he nei^hb^irhood of 40 ft.» 
though At ciTin minrt nn nvrmgi; of hS ft. tvjia maintjtrn^d. 

In some of the mJncs the ^* driller" and "back handfl^'do \h% 
loading and finnjc; in ethers that is dene by '*firen»," who do Iho 
blaatinc between fihifts. When the dnlkrs do the firing, tbefO ia 
employed a "powd«r monkey/' whe mjvkc^ tip the *'mphit<n»" 
or utirkK of powfler, m u-M4<h nn? innerted and faHTenpd the CEpa 
and fuse; 3fi per cent, ponder is used for general iiiiuiiij^. 

Battery flnng is employed only m shaft nnking. In tlua 
ndninf? work thie is found to be much more cxp&n^ti.H?i the kicevy 
eoDCUssions looeen the strattnn of the roof and make it dangerous. 

Lar^ quantities of oil areusecl for lubrication and lllumlimdon^ 
*'Zefo" black oil and oila of that grade are nsed oo l]ie drills. 
Miners' oU is geo^rally used for illuiiiiD&tioci, ibough some of Ihe 
nkinea use a low ^rade of parafTme wax. 

Two oil c*aiia <each holding about l| pints) are f^iven to eMh 
paiir of drillerSt one can for blaek oil and one for nilnov' oIL 
Tbeee cans, proitrrly filled^ ore given out to tlie men. as ihey ga 
on shift, at the ''oil-house," located near tbe oAiaft tindersround. 
Thb "oirboiMe" is In ebargG of the "od bey," whose duly it is 
to keep the cans etean, to fill tbcm and to give them ont at (be 
beginning of tbe ahift. T^ fans are retumod to the ciUhow* 
at the and of Ibe duft. 
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KcTOflCnc lA xwiii hi the hut l»ni|iti in wri plficcfl. 

Tho *'oil-lbo\uc«" are provid^Ml with three tftalu. In tonw 
imtftnriw Ihtttc tuikfl ure chEirgod tlutju|th pipes comiiifc liown 
the nhjift from th<' Miirf!*!'!' nll-limiM'- T!"™- l-tiikn lire ]iniviHnl 
with oil^pUTDps and cm^luatctl caffc-f^a^mnS' 

SkoTcLcnt or loadov operate in k*ii|C* cif 8 to 12, and ar« 
eupfirvisc<i by A "«trnw bott," who U pnwifl^d with n fci^llon 
c&D for ilium in A ting oil. The cam iir^ 30 cu- fl- ( 1 ton) capticity, 
Und^ onlinHiy conditJon?^ nntr xhovplcr Vp'JU Ituul 20 iif thfwr rant 
In a shift of 10 hnura. They tiac "half-^ring," lonfc-bnndlrd, 
round- pointed shcvds. 

Cars arc of th« eolid-box pattern, and art dumpod in cr^lc*. 
Loom and *' Anacon^ia*' mari^aii^^o-Hloel whoob aro the mwt 
<wnuBOD, Hagii iif tmrk, 24 in 30 in., }i\ tK ratU on main linp« 
aud 12 lb, on the side and tcmiMirwy track.-*- 0*m arc drawn 
by mules. One mine haa injftallcxi com pressed -air locnoiotivca 
ftnd is operntinji; them with succciiBL 

Shafts aro g^nc:rnlly eqiiippcid with ^«arod hoiirtfi, both ctQam 
and tifiCtrlcatly driven. I^ter hoifftn are all of th« 5r«t-nint.]an 
pattern, 

Qenerally the cara are hoUtod to the top and dumped with 
cradles. One shafti hoi^ever. ia provided vith a g-ton akip, 
obargcd at the bottom from a bin, mto wtioh the imde^round 
ean are dumped. Upon arriving at the top the skip duntpe 
automatically. TIiim dealgu exlilblu a iiuml>«r of advaMta^ea 
over the older method aud wU) probably &uJ favor with other 
mine operatore. 
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Br C. V- Pmh-*luw and W, (}r.ii. Waiiin» 

The leud or« of aouthweateni Muutourj* ard the ndjoininjc area 
in the vtvin&ty of Galei:a, Kan., U ubimrkai us a by-prodiic^t of 
(inc mining^ Uie ^uleiizL l>eiiig fie|inritLi-il fnim ihe blende in the 
jig^i^^ pniFfwi- Fonin^rlv tli(^ i-alena (togetlifir wilh •'cEnr-boue," 
iDcIudinc cc<niEfriit« aiicl ^iif^leBite) vta^ the prircipnl ore mined 
fmm surface dcrpoaitH in clay, the blonde hoing the subBidiJiry 
pn>ducc. [n the deeper workiiij^^ blende was foiitid InrKoLy to 
predominittR; thia in <<h<>wn by iht* shipment rif ih* diisiHct in 
1904, whirh iitiiiiiiiileJ to 2nT,2f^7 bfJiis or y^mc coiu!pntr»t« and 
34,&33 toHjf of lead corccntrnlc. 

The lead ocoam in Et^f^rcKatod cubes, fmm le^ than one milU- 
tnctcr up to une fot>t in diainutor. The cleavage is perfect, eo 
that oaob pi^e of or& when tttnit^k with a bamm^ breakB up 
into smaller pfrFm-t etibea. In fhis rwpeiot the ore differs from 
the galeua encountered in the Rc-oky Mouiilmn n^ians, y/\ttm 
tomional or shearing strains sc^ni in moat inatanctt to havo 
deolToyed the perfect flenva^ce of tho niinerala eubueqtient to 
tbrir original deposition. Citses of ^rhUtoae und twisted Biruelurc 
cecnr in lead depnfriui of the Joplin difltrict but rarely, and tboy 
am nlwikyH ntulLe local. 

The iveparattoa of the galena from the blende and mareaaite 

(*'rnundio") in llie ordinary proceaa of ji^rcinK ia very complete; 

the perteat«ffe of liuo and iron in the lead coiKrentrute is in«iA- 

njfieant. Aa aii illuairation of tbie, the asaayu of iCO rcc^ont 

BhipnurntA uf lead ore from the diNtrioL, taken nt 

dud w» folio ^\-b: 

ita MMyod frvm ft? u» 70% kmd 
^My*d fntn 7D to 76% k«d 

ikWULVr^l f ram 7B Ut 79% loiul 
I fit>iii80l4>&4 4% bid 
nCtOOdkipfTiBaU , ,, . 784% kuj 
24 
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Fourteen ehipment aampleer ranging from 70 to S4.4 per cent. 
lead, were tested for zinc and iron. These averaged 2.24 per cent. 
Fe and 1.78 per cent. Zn, the highest zinc content being 4.5 per 
cent- No biamuth or arsenic, and only very minute traces of 
antimony, have ever been found in these ores. They contain only 
about 0-0005 per cent, of silver (one-seventh of an ounce per ton) 
and scarcely more than that of copper (occurring aa chalcopyrite). 

The pig lead produced from these ores is therefore very pure, 
soft and uniform in quality, bo that the term "soft Missouri 
lead'' has become a synonym for excellence in the manufacture 
of lead alloys and products^ such as litharge, red and white lead, 
and orange mineral. Its freedom from bismuth, which is gener- 
ally present in Colorado lead, makes it particularly suitable for 
white lead; also for glass^maker's litharge and red lead. These 
oxides, for use in making crystal glass, must be made by double 
refining so as to remove even the small quantities of silver and 
copper that are present. The resulting product, made from soft 
Missouri lead, is far superior to any refined lead produced any- 
where in this country or in Europe, even excelling the famous 
Tamowitz lead. It gives a luster and clarity to the glass that 
no other lead will produce. Lead from Boutheastem Missouri, 
Kentucky, Illinois, Iowa, and Wisconsin yields identical results, 
but the refining is more difficult, not only because the lead con- 
tains a little more silver and copper, but also because it contains 
more antimony. 

The valuation of the lead concentrate produced in the Joplin 
district is based upon a wet aaaay, usually the molybdate or 
ferrocyanide method. The price paid is determined variously. 
One buyer pays a fixed price for average ore, making no deduc- 
tions; as, for example, at present rates, $32-25 per 1000 lb. whether 
the ore assays 75 or 84 per cent. Pb, pig lead being worth $4.75 
at St. Louis. ^ Another pays $32.25 for SO per cent, ore, or 
over, deducting 50c. per unit for ores assaying under 80 per cent. 
Another pays for 90 per cent, of the lead content of the ore as 
shown by the assay, at the St. Louis price of pig lead, less a 
smelting charge of, say, $6 to $8 per ton of ore. 

The history of tnhe development of lead ore buying in the 
Joplin district is rather curious. In the early days of the district 
the ore was smelted wholly on Scotch hearths, which, with the 
1 'Dm nuouaoript of this article was dated Oat. 5, 1Q05. 
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purot oral, would yield TO per cent. mfit&Uic lead. No Accouni 
was taken of the lead In the rJch ti\&^, cheai'ic&i detertmnniUm^ 
bciiig sunir^thtiig uukiiowii in the diatnct at thul tiiii«^ it. tiring 
fuppiieed generally thut pure g^Icuti coatained 700 lb. lead to 
thcUhlOlb. olorc, the vulueof TOUJb. I«ad, Ie6af15<»pcr 1 000 lb. 
of ore for frtMght iind emelting costa, wab rer.urr<Hl to the mincir. 
Thr bu>'4;ni grjLd»4(1 the ope, ac^cording ut thi^tT jmlgment. by it* 
ii|)[HVLrunn-, iin to iu ptirity utnl iiIm} aa Ui it» liclukvitkr m MnHtlng; 
an etc* for example, frum near the; surface, imbedded in tbo 
clay and coated more or lews with ttulphiite, yielded ito mctftl 
more froely thnn lh« purer gnleniu from dtreper workinK*. 

Thii; WAX iho nrigln of the present nietluid of buymj; — a 
syvtein IhAt would hnrdly be toleraled except fcir ihf. tatl that 
the lead ifl» ai! previouisly staffed* coneidered a by-producl of 
EJEic mining. 

Qri^nally ah tb« lead ore from the Mtaoouri- Kansas district 
wBfi am^lied in the same region, either In the air fumafe (rever- 
beraiory sweat ing-f urn jut) or in the water-back Scotch bejirth. 
Cuinpetltiuu gradually developed in the market- Lead reftncis 
found the pure Aulphidc of epecial value in the production of 
oxidiied produete> Some of the oro found ite way to St. Louiiti 
and even a8 far away as Colorado, where it wad iised to collect 
Bilker. Smoe the forma lion of the American Smelting and 
Refining Coinpany ami the greatly iQcreaaed output of Ibe im- 
uictise depwijtA fti lead ore iu Idaho, no Miaeotui le^ ore has 
gone to Coloradc. 

Up to IDOl, obe oonoeni had more or leas ihe aontrol of the 
^mthwcstcrn MEaaouri ores. Ai the pre^nt lime, lead ore Is 
bongbt for smeltprsi in Jupliti, Citrleiville. and Granby. Mo., 
Galena, Kan., and Colltrisville, 111-, and complaint ie heard Lluit 
preecnt pricea arc really too hii^H for the comfort of the mncltere. 
Yet the old phruipte of paying for lead orea upon the auppoaod 
yield of 70 per cent., irrespective of ihe real lead content, la etill 
largdy in vogue. 

Any one intereeted in the matter ivitt ^d it quite inatructivo 
to calculate the returning charges, or groea profita, in amelting 
tbcee orce, on the basia of 70 per eent. recovery, at I32.3& pear 
iOOO lb, of ore, le«a 50c, \n-j ton haulage, with lead at $4.77 per 
100 lb. at St- 1^>uLk- N» deduetroti, it ahouU) he rrmnrked, ni 
ftver made foT moi^it.Linr in lead ores in thia dutrict. It is of 
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mtacvet to obaerre that Dr. Isaac A, Hourwicb eetimatee (in the 
U. 3. O«isu0 Specia] Report on Mme« and Quarries recently 
iflBued) the average lead contents of the aoft lead ores of Missouri 
in 1902 at 68.2 per cttit,, takmg as a basis the returns from five 
leadmg minmg and smelting companies of MiBaouri, which re- 
ported a product of 70,491 tons of lead from 103,428 tons of 
their own and purchased ore. The average prices for lead ore in 
1902 woe reported as foUows, per 1000 lb.: Illinois, $19.53; 
Iowa, 924.48; Kansas, $23.51; Mieaoun, $22.17; Wiaconsm, $23.29; 
Bocky Honntain and Atlantic Coast SUtee, $10.00. In 1903, 
according to Ingalls (" The Mineral Industry," Vol. XII), the ore 
from the Joplin district commanded an average price of $53 per 
2000 lb., whUe the average m the Boutheaatem distriot was $40^1, 
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LEAD SMELTTITG m THE SCOTCH HEARTH 
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Scotch hoArih in itA impmvwl 
fona 13 now coming to ibc front ttgun to seme extent in tend 
imelting, it mtty prove tri(en!«tuig to give u briel uccount of lU 
^m proMnt use in the north of England, 

^P Admitting Umt, where prKlirniimry roftfittng U niwrsuury, 

the best results con be <ibtained with the water- jju^kricd blwit 

fuTAACO (thu being more o^pcciAlJy tlw caac where Ubar n an 

«xp«Dnv» item), vre hav« tttill a^ ftn ultcruutivc the method of 

ttMlting niw i.n the Scotch hejirth. At one vrorlu, which t 

rvcantly viNilfsl. all the are wn^ smdiei) niw ; nt ftnuther, nU tht? ont 

nocivcd ■ prffltmiimry roost, juid it U instructive to cotnjukn: tho 

reeulto obtained in the two chaca^ The fi^llowinj^ dMa refer to a 

^^fftirly "froo-smelting " galena assaying rcfttly 8U per cent, of load. 

^fe When melting raw ore in the hearth, fully 7J long tons can 

^Vbe trmted in 24 hours, the nmouTit. of Irjid produrrH dirty^t frnm 

^^^efumftCQin tbc first firrl/<^iiigS400tt> WHW U>-, this in rxiuivalenl 

^Vto 5d to 60 per cent, ^r lead, the reaiiaimnR 2A to 20 per ceaU 

^^going into the fume and the slag. 

^Vhen smelting ore whiph ha« receive a. prGlitninary roast of 

two hnura, 12,000 lb, nf Inail w pnxlurpH direct from the hearth, 

ihia being equivalent to 66 \xir conl. of the ore. When the ore 

18 roasted, the output of the hearth ie practically the Aanie for 

tU ores of equal richnoM; but when smdting raw, if tho galena 

» finely divided, the output may fall inuch below that given 

j he>r»ii'ith: while, on the othRr hand, under the mnst- favorable 

^Kifonditinns it may tiso to 12,000 111. in 24 hotii^, or even more, 

I^V 1 had an opportunity of eccing a parcel of galena carrying 

84 per cent, of lead (but broken down very tine) amoltcd raw» 

The ore wan kopt damp and the blast f&irly low; but, in npite of 

^tlut, a quantity ti{ the ttTp. wax bluwii intci the t1tJe> and only 

rlOO lb, of lead wwi pruduccd fnnu the hearth its 24 hounh 
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Qdttu eatfyliiB only 69 per com. of Uad doos not ^ivc nearly 
u HAtSsfjii^tory pesulte when 8iTielu<il raw in tlie luMirfh; barely 
Htx toiLFt uf un- can be ttiiielt^tl in 24 bourh, and imly 4^00 to 
&400 lb. of letid can be prxxiuccd directly. TUia is cquivaleiii to, 
iay« 43 pcT cunt, of tlxo of« m tiie lirat tire; the roiriAiniiij; 22 per 
cent. goo« into the filaic or to the flae as fume- Moreover, the 
65 piT <!i*iit. nn- n-fiiiirfB ITtOQ \h. of coal In 24 htiun, vhil« the 
80 [HTT (rwit, gitlt^int m<(» oiilj- lOOfl lb. 

Turning now f»r a mikment to the coctUi of «ine]ting raw vid 
of »nie]tinfc ivftcr a prelunmary romil, we (ind that (in 1h« ca«e 
of the two worlcA ne have been eonfidenng) the n«ult« Arc all in 
favnr of HnieliinR raw, »u far Ui a gu1i>na cjirrying n^rly M) per 
in rom^ernHl, 

Lc cont of nmclting. per ton of lead produced, ie giveu lier^ 
wHh: 

ORS fiHELTBD RAW 

Smdlvn' wiiK«. . - t . ■ -...,...,...,. U.M 

OTfcl [42ft IbJ 0.38 

Total, "ia'tf 

A v*ry nmoll qianUlj of lime \m alio uaed Sn thiji ewe for some oiq«, bcit 
Ita ccHt winiild m-xtr unciimC lo cnfirv ttiUTi -lo. |i(?r Voii of Inod pmdiiaiil, 

ORE BKCEIVISO A PKtUMlWAKY HUAST 
ftiMUUim' wngn. « SOOl 

coAl [125 lb.) ,,., , 0,00 

Bmtfltvra' ARKce >•• ixai •*•••»! i. ■«».....<. 1.06 

r-Mil (TAlbO ail 

Peat and lime. 008 

Tot*i , "ittia 

Tt tihould bo DOtcd also tiiAt (he sireltem al the works when? 
tho om wua not routed receive hi^h^r pay. Jn the ciKht-hour 
«hift they pni(lui>e about I) tons of lead; and ^ there are tu'o 
of thmn til H furnaw-H ihry iiiakp $^.0(\ JiHwrvn them, or Si. S3 
«ac.h< The two men flrndtinK miutjxi ore produce about twn 
tons in an ciRbt-hour hh>rt. and thcrcrorc each rccdvoa Sl.OB 
per ahifl- 

Darning now 1o fume-Ameltinft in the hearth, we can Uf;ain 
eEimpurr the t*vt\\ift niiinhitti in Bnirbing ruw and after iv>ustin|f. 
It in wrSi Ut bfjiT in niiiLdH tdeio, Ihat, while only 5) per cent, of Iha 
lead coo* in the ftnne when amcItinR roontod ores iu the hearLh, a 
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considerable larger proportion is thus lost when smelting raw ores. 
When fume ia smelted raw, it is best dealt with when containing 
about 40 per cent, of moisture. Oae man attends to the hearth 
(instead of two as when smelting ore), and in 24 hours 3000 Jb. 
of lead is produced, the amount of coal used being 2100 lb. No 
lime ia required. 

When smelting roasted fume^ two men attend to the hearth 
and the output is 6000 lb. in 24 hours, the amount of coal used 
being 1800 lb. In this latter case fluorspar happens to be avail-. 
able (practically free of cost), and a little of it ia used with ad- 
vantage in fume-smelting, as well as a small quantity of lime. 

The cost of fume-smelting per ton of lead produced is given 
herewith: 

FUME SMELTED RAW 

Smelters' waga $2.88 

" coal (1400 lb.) 2.13 

Total ta,01 

FUME RECEIVING A PREUMINARY ROAST 

Routen' vtagM 12-08 

ohJ <H60 lb-> 2.1S 

Siiielt«n' wages 2.04 

coal (600 ]b.) 0.92 

Peat and lijae 0.08 

Totol 17,30 

In this caseT as in that of ore, the smelter of the raw fume 
gets better pay; he has 11.44 per eight-hour shift, while the 
smelter of the roasted ore has only IL02 per eight-hour shift. 

Fume takes four hours to roast, as compared to the two houra 
taken by ore. 

From these facts r^arding Scotch-hearth smelting, it would 
seem that with galena carrying, say, over 70 per cent, lead (but 
more especially with ore up to 80 per cent, in lead, and, more- 
over, fairly free from impurities detrimental to "free" smelting), 
very satisfactory results can be obtained by smelting raw. Against 
this, however, it must be said that at the works where the ore 
is roasted attempts at smelting raw have been made several 
times without sufficient success to justify the adoption of this 
method, although the ores smelted average 75 per cent, lead and 
seem quite suitable for the purpose. 
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Probably thia m&y be Ai;cuunW Un Uy iUc trnd that tbe 
method of numiug tbe funucc when raw ore u being Amdt«d 
ia r&lher different from that jidopted when dcAlin^ with roasted 
ore. Moreover, at the works undor notico the fumacos are iiot 
of the mosl modern construction; and, as the old custom of 
dropping a peat In front of the bla^t every time Lhe fire ia made 
up stiJI aunriveo, it ia iiet^mattry to shut off the blaal wiiile this 
is being done, and the Hre id Ibeu apt to get rather sAack. 
, The Rniy ela^; prodooeU Hi the hearth ia smelted in a sztulII 
furuu<^e, a little poor fuaie, and Bometiniee a amall <iuatitity 
^ct thlonpjir, b^ing iLilded Uy fa(Mhtate the proeeHS. 8oii:e ligurefi 
re^rdiijg slag-fimetting may be of intereet. The alag-^indteni 
produce IXXK) lb. cf lead in 24 hiium. The coat of slA^-enjelting 
per ton ol Iciid produced ia aa Follows: 

Sn>el1«m' WS.CM , fljSO 

G>ke(l600ll>) 3,43 

pwi aoe 

Total .,,,. 1508 

Recent arwiyaea vt Wcordale (Durham county) lead amdted 
LD the Scotch hearth, and &lag4oad tunolted in the blaat furnace* 
are j^ven herewith: 





Fvui ljtAt> ntm 


&ILVS* tj*f> rwjH 
ILuEm 


Si-ao X-xbe Pfov 
B1.UT l^«A4ca 


T-^ 


OiX>3fi 
Kft LavQ Top) 

oil 

oil 

0,010 


0g,U5T 

o.o:f()c» 

{^ttL lOniirf. Miia. 
vu Lovu Tdv 1 

nil 
tafl 
nB 
Q.010 
nil 


VUOIS 

O.0I42 

fn liiMt Tom) 

nil 
O-Wi 
0.024 
0.033 

nil 




AntrmoTiy 

Clipper 








99,fi7efi 


SU.DVUO 


06.9483 



The ordinary form of the Scotch hearth La probably loo well 
knonfn to need much description, The dlmenaiona whicli have 
been found moat euitahle are as follows; Front lo hark, 21 in.; 
width. 27 ill.; depLli uf hearth, ft lo 12 in. Fornierly thu' diatanas 
from front to Uick was 24 in., but this was found too much for 
the blast and for the men. 

The c&sf-iron hearth which hoJds the molteo lead is set in 
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brtfkwork; if S ta. deep Had capable uf hotdin^r about ) ton of 
lead, a w q\uUs Urce enough* The worksLono *tr inclined pUtc 
in front of the hearth id cftst in ooe piece with it, aad haa \% rauKd 
bolder on ^thcr ^idc ut the lower odf^o, and a K«tl«r to convey 
the ov«r4lAvii^ Icitd to the mdtiflg-pot. The lutter in beat nude 
with & panitiDn und an o|>eiiirxg at the Ixittom through whirh 
ftoin lattd csn run, jn tliat k c^ii be bdlrd InUi moldji without 
tba necenty for iikimminc the droA off the «urfAc& it U wcU 
Aleo to have a nmall tireplaoe below (he meRtiijE'imt. 

On each vide of the hearth, iLnd redticK on it, ia a heavy ciMt^ 
icon block, ft in, thii^k, 15 in. high, 27 to 2)( in. h>ng. To Have 
metal, thoAe arc nnw tiud \w\\aw and axr in caunod to pu« through 
theoL On tbo back of the htarth aUnd.i anctlhi^r cast-iron block 
knowc aa the *'pipoitonc/' through whioh the bloat comce into 
the fttnuH:«- In the older forms of ptpefttono the btajt comes in 
tluotigh a simple n>und or oval pipe, n romnion nhet Ixring 3 or 
4 in- wide by 2^ in. high^ and thn pi]MvUinR U mil. wjitrr-coolod. 
With this coiLStnJctioD tbc hearth will not run Aat.bfactorily 
unless the pipcsUino is act with the ^c^XitCett oarc, aq a« to have 
tlw tuyere exactly in the center, and as there im no water-cooling 
thd metal quickly hurtut away when fum«r i» being Hnielted. 
Moreover, the blmML U Apt Ui \jv KU>ppfx] hy hIa^ adhering Co t1i« 
end of the pipe. Aa already meationcd, a peat la dropped m 
from of the blaat every time the lire is mode up, with the object 
of keeping a clear passago open for the blftst, This old custom 
has, however, several aerioufl disadvantages; first, it prevents the 
blafll being kept on rnntiniiniinly; and, «y*ond, it makes Jl necea- 
aary Ui have the hearth open at the top ao that llie sriielter-iiiun 
cut go in by the side of it. In thifl coao the ore is fed from the 
side by the smeltcr-maOp wbo work« under the lnr|;e hood placed 
Above the furnace to cony awny the fume. Even wlion he is 
engaged in shoveling btick the fire from the front and la not 
underneath the hood, it is impoesjble to pnivKia mmm Turnr* frnm 
Uowing out: ftnd there ie much more liability to le^-poisoning 
thou when Ihe hearth m cloeed ut the top by the chimney and 
the smelter-men work from the front. The beat arrangement is 
to havo the hearth enlirely closed In by the chimney, e^icept for 
the openiiif; ai the front, anJ \o huve a iHmnll auKiliary fine a1:K>\'«t 
^^tio workatoiie leaUiug direut to t);e open air to catch any fim^e 
^^■Mt may blow out paM the bhutler tn frcnl of the hearth. 



38 



LRAD SMELTING AND REFINING 



In ar imj>rovwl form :jf pipestonc, ft pip© <%nnecc«d 10 tKe 
bJuit-iitain liU iiiU* thu NP-miointulur npcniT)^ nt tho back nnd 
U driven tUht agaiD^t a ridge id iho iUa iidts of the opeiiiTig. 
Goinjc through Ihc pipcstonc, the arch becomes gradiuLlly flatten, 
and th« bl»«t omorj^es into th« hoarth, about 2 in. &l>ov« the Ur^-d 
of the mnlt«n l^d, through an oblong kIH 12 in. long by I in. 
wide, with a ledge projecting 1) in. imm^dialely abov« it. The 
buck aud front ar« slukibr, so Ihnl vjUgh ono aide geU damt^td 
the pipcatono can bo tumc<i biick to fronts 

Water ie convpycd in n 1^1-io, iron pipe to the pipcetone, end 
aft^ pns^ag through it is led away from the other end to it 
mrftter-box, which Htand« beside t.he he&rtli and into which the 
red-hut 1ur:ips of aU^ are thrown to iafe^uaid the ^neltem from 
tbo noxiouA fumee. 

Od the top of the pipeetone resta &n upper backdcone, nim of 
^>lt iroTi; it extendi somewhat higher than the blocks at the 
All thU nietHl hLkuo the level of the Ivad U iieccttuiry 
bocauae the purtl^Uly fiuted \\iiitp6 which stlr^k in it bavi> lo lie 
kaooked off with a. long bfii, so that if fire-bricks were uaed in 
pUoe of oti^l iron they wtjukl fioon bo broken up and dc«trojed. 

With ih covered-ill hearth, when the ore is churffcd from the 

front, the f^illowini; is the method adopted in Bmclting raw ore: 

The chiiri^i- floats on the niolien lead in the benrlh, nrul ni vhnrt 

iiitervnl.-i the two .im(?ltera running the furnace tunc it up with 

lonx Imm, which they in^t^rt. undcmetkth in the lead. Any pieces 

of ^inf^ luihering to the sides iind pipestone are broken off. After 

ttwinft up tiie fire, thi* lumps of partially reduced ore, mixod wilh 

eindfrrv am) Kh^c, are »hovel«iJ on to ihc^ back of thr^ fin^: thr^ »lag 

b drawn out upon the workstone {any piecpa of ore iLdhering to 

il bwig broken oR and rct.i:rne<l to the hearth), and it is then 

qveciehed in a wator-box pUired nlnnpside the wori<stone. One 

ot two fihovelfule of eoal, broken fairly small and generally kept 

damp, are thrown on the fire, tngethpr with th« ncressary amf»unt 

of or*, which vt aim kepi drtiTi|} if in a fDto ^tftle- nf divlftinnH It 

b part i>f the duty of the two smellers lo ladle out the Icid from 

Ihe mchinj^-pot into the molda. In ameltintf ore a fairly atronjc;, 

itcody blast b reqttircd, nnd it ie made to blow right through eo 

u to keep the front of the fire bright. A little lime is thrown on 

the iTOul of the fin when thr* *lftg geu too gnywy, 

When amehlng mw Fuma oitc ^nan attends to the funiaco. It 
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doee not have to be made up nearly as frequently, the work 
bong eaaier for one man than amelting ore ia for two. The 
unredticed clinkers and slag are dealt with exactly as in smelting 
ore; and coal is also, in this case, thrown on the back of the fire, 
but the blast does not blow right through to the front. On the 
contrary, the front of the fire is kept tamped up with fume, 
which should be of the coherency of a thick mud. The blaat is 
not 80 strong as that necessary for ore. The idea is partially to 
bake the fume before submitting it to the hottest part of the 
furnace, or to the part where the blast is most strongly felt. It 
is only whoi smelting fume that it is necessary to keep the pipe- 
stone water-cooled. 

To start a furnace takee from two to ^hree hours. The hearth 
is left full of lead, and this has to be melted before the hearth is 
in normal working order. Drawing the fire takes about three- 
quarteia of an hour; the clinkers are taken off and kept for starting 
the next run, and the aidee and back of the hearth are cleaned 
down. 



THE FEDERAL SMELTING WORKSp NEAR ALTON, lU.* 



Bt O. Pufajil 

( JtiH 2, IBMI 

The works of the PedDml Lead Componj^ ibcor Alton, UU, 
wore cTK^ttfd in 1^02. The>' bftve* n ronn^Toiion wrth the Chici^r 
Pmria & Ht. Lifutti Rjiilway, Ijy which titcy rrccivn nil Lhcir raw 
tnntcmJtf, And Uy whiuh aU the iciwi prcxiuccd 19 ahippcd- 

Tho ore tfmcltcd itf galena, with dolumitic Kanjcuc, ADd ft eoifill 
quiuitiiy uf [lyritOd k'oritftinmj]; n little copper, mckd, »ttd cobftit) 
from Kontheiisteni Mi*!*ouri, hiid <^()^Jcbtl>t chiefly ijf fine cnticwi- 
tratfs, containmg CO t<j 70 prr cent. Icud- In addition thereto & 
omftll proportion of lump 01% ia nlefo amclud. 

A striking fcoture ftt rhceo works 14 the exedJcRt facility for 
handling the Ruit«niil£. The buu Tor the ore, eoke and eoal are 
made of t-uncrel« und ef^^l ur^d nm flll<H! tram can running en 
track* Iftid abtive them- For tninrijiortin^ ihc nwlcriala about 
the works a DarTOW-gnge railway with electric locomotivee b 
used. 

The one are Acnelted by the Scotch-hearth proceee. There 
arB 20 hearths arrsngwl in a row in a building mnstnieted whoTly 
el Bteel and stone. The fump (4 x 3 x I ft.) of each fumacfl 
eoDtlune about one ton of lead. The funiaca are operated wHti 
[ow-pr«(ieuro bla^ from a main which paeeoe along the vbole 
row. The blast enters the furnace from n wind chtet at the twck 
through eight t-in, iron pipen, 2 in, above the bath of lead. The 
two sides and the rear wall aro cotded by a cast-irou vrat«r JMket 
of 1 io. internal width. 

Two men work, in eoght-hour ehifta, at eai^h of tbo furikaoee, 
receiving 4.7& and 4 2Sc. respectively for ever^r LOO lb of \mA 
produced. The ore Is weighed oxrt and heaped np In front of the 
fumaeee; on tbe tnck near bj the coke is wheeled tip hi a flat 
bon car with two comparimenta The fimaoernea are chbeBy 
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n^TOCS. Al ibc side of each fumncc u< a ftritiW Ktock of coft), 
wtucb U uecd rhicl^y for ni&inthinini; a &mall fir^ tindor rho lond 
kwtk. Only xmall ((Uftntitini of coai kto added fram tiaw to 
during tTn» »vmHunK opiT^fcii^in. 

Ov«r cacli furn&ce i? placed aa iron hood, through which the 
fuiDCii And ffftscs escape. They paw fir«t throufh a coUccttog 
fi^, QKMndinK through the wholo i^nrk*, Ui B L500-ft. duet l]uo, 
aktuving lOx lO ft., in mUfm&l croxv-iociion. Ncnj Ihv middle 

this is placed a fan of 100,000 4!u, ft. capacity per minute, 
ivfaidi forcfB the fumM and ^aaM into th« ba^-houae, where they 
Ar6 filtered thiovgb J500 e»cks of looody wovc« cotton cloth, 
Mcb SS ft, long and 18 in. m diameter, and thoaco pofis up a 
UO-ft. etack. 

The du«t rerovered in the C!o1!eciing flue b burnt, tocher 
with tlie fume caught by the bags, the coat which ic uoiituifis 
furaishiDg the combustible. It bums HmotJcnogly aiul frita 
ceiEetber aomewhat. The product (chiefly lead sulphi^te} U then 
anelted io a ehafi furnace, together with the gray elag from the 
heatth fiiniac«i!f. The total extmclion of lead m aboui *M per 
ecat., i.e^, the combined prooeas of Seotoh-heHrth and blaat-fur^ 
uce ftiiietttn^ yielda 9B per cent, of the lead contained lu the 
CTvdc ore 

'Jlie direct yield of load from the K^cotch hcoHhA fa about 
70 per cent- They aUo produce gray *l»g, containing much lejid^ 
whirb amounlii to about 25 jjer (*enl, uf the weight "f the ore. 
About equal projKjrtiona of lead pnae into the alog nnd into the 
flue duet. Wbcu working to the fult cjipacit.y, with rich ore 
(80 por oont. lead and more] the 'il> fumuccfs can produce about 
tona of Jead in 24 hours. The coko conauroption in th« 
b furfiacei arnnunts la only S per cent, of the ore. The 
from thi^m? fun^acea jb teliueJ fci 30 minutea to one hour 
bj itaun in a cadt-iron kettle of 35 tcjnA capacity, and ic coat 
into boTA either afonc or mixed with lead from the ^aft furuace. 
The "FederjU Brand" carries nearly Wfl per cent, lead, 0.06 to 
O'l p«r cent, copper, ami traces of nickel And cobalt. 

The working up of the Ijetwefm praducfji from the hearth- 
fumacea m carried out oa followa: Slug, burnt flue duat and roaetcd 
cnatte from a previous run, together with a libcrnl proportion of 
ifonslag t'^^m thetron workfiat Altan),areemelteditia 12-tuycro 
bloat furnace for work^lead and matte. The furnace i« providr'd 
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with ft load woU bi Lhe back. The malte arid elag we tapped off 
to^htt- ftt the Troiit unrl (Ioia' tlirou^h u numt»er of ala^ |hiu for 
»P|ULnktioii. Thn aliella whitrh r^aioiu adhering to Uit? wn\U of 
the potfl on pouring cut the fliag iLrir rtlurned to the funuce. 
All the WfUFlo alog (oontumiitK tiboLt U>5 per ecnl. lead) 10 dumped 
down Ik ravine belonging to the torntory of the ttmeltcry. 

Thg ivoLii fn>m i^lie sliiift funijvi'e ib li<|Uiit(Hl in n HmnU revor- 
b&rFitory furnaiie^ of wliirK the h<yirth connintH Df iwn inrlireH 
perTor&tcd iron pintea. The rttidue is rrtumcd to the ahaft 
fumaCG, vhilc the liquuteci lead flows directly to the refining 
kottlo, whiDh U tiJl^I in th@ Ctiurse of fuur hours. Hcto it is 
StMirtifid for tilxMit one. hour mid \s then cust into hura Through s 
Steita niphcm, Hftprsitimtnirig o!T t.lie oxide. The muttt? is cnish*<i 
and Kru»tcd in ft rcverberatt*r>- fum&ce (60 ft. long). 

The pr>wflr plunt oompmoa three Stirling boilcre and two 
2^-h- p. comp<3und engines, of which one is for roflorvo; ttlso odo 
steam-driven dynnmii, coupled dirw!t to the prgin*, furnishing 
the riiiTfint for t.lie entire phint, fur thr elet'lrir Tneomnt ives, etc. 

The coke w obtained from Pcnnsylvunia (vnd eostd about H a 
loD. while the eool eomca from neiLr-by coilicnc« and cosla $1 per 
ton. 

In the well-equipped laboratory the lead in the orea and dla^d 
b deterrnineil daily by Alexander's (mnlybdate) melhod» wblio 
Xhtr fillver content of the lead fa little over 1 uk. ^x^r Un\) Is t^Li- 
matod only once a month In an average sample. Whr-Ji Ihc 
pUnt is in full operation it gives employment to 150 men. Caaca 
of loftd^poisomng are said to occur but rarely, and then only b 
$, mild fonn. 



LEAD SMELTING AT TARAOWITZ 

(SflpUffibn 33. IMfi) 

The account of the introduction of the Huntington-Heberlein 
process at Tamowitz, Prussia, published elsewhere in thia issue, 
is of peculiar interest inasmuch as it tells of the complete dift* 
placement by the new process of one of the old processes of lead 
smelting which had become classic in the art^ The roast-reaction 
process of lead smelting, especially as carried out in reverberatory 
furnaces, has been for a long time decadent, even in Europe. 
Tamowits was one of the places where it survived most vigor- 
ously- 

Outside of Europe, this process never found any generally 
extensive application. It was tried in the Joplin district, and 
elsewhere in Missouri, with Flintshire furnaces in the seventies- 
Later it was employed with modified Flintshire and Tamowitz 
furnaces at Desloge, in the Flat River district of Missouri, where 
the plant is still in operation, but on a reduced scale. 

The roast-reaction process of smelting, as practised at Tamo- 
witZr was characterized by a comparatively large charge, slow 
roasting and low temperature^ differing in these respects from 
the Carinthian and Welsh processes. It was not aimed to 
extract the maximum proportion of lead in the reverberatory 
furnace itself, the reeidue therefrom, which inevitably is high in 
lead, being subsequently smelted in the blast furnace. Ores too 
low in lead to be suitable for the reverberatory smelting were 
sintered in ordinary fiimacea and smelted in the blast furnace 
together with the reeidue from the other process- In both of 
these processes the loss of lead was comparatively high- One of 
the most obvious advantages of the Huntington-Heberlein process 
is its ability to reduce the loss of lead. The result in that respect 
at Tamowitz is clearly stated by Mr. Biembaum, whose paper 
will surely attract a good deal of attention,^ 

t This p^jer u publiabed in pp. 148-166 of this book. 
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LEAD SMEtTINO IH RKVERDERATORY FURHACES AT 
DfiSLOGE, UO. 

Bt Waltkh Uknton Jnoalla 

Tbo rooifl-rcaction mothoci of kud ^meltLog m r«verber»tofy 
fumiLcnt twvt^T itiwtid any generul t-inphtyt^eat in the Unitecl 
SUhUv^ nit,hf>[i^!i in cuTLiiection with llic rudi? u'lr-furuacce It was 
early intiiKluccH in Misccmri. The ou>ro d&boratc Fliiildhirc fur- 
naoua W4?ni t.rud ut Grunby, in thu Joplin diBincl. but they ««• 
di^pliK^HJ iliero by Scoifih heurth*. The moel eilecsive in^olla- 
lIuEi of furnnom of the Flintshire typu w^8 tnitde Hi Desloge, iu 
tbo MttL River district of sumUriwl.:--ru MiBtouri. Tliia continued 
in hiM openitH>ij untjl 1903. nhen the nwjor i^orlioii of the planl 
1VU cineedi it bcin^ foucid moro ooooi>mical to dup the ore ola^ 
whcTV fof smelting. However, two furrmran have been kept in 
UM* Iu wiirk u{) surplus nr^. As a mattf^r of hisUirio interest, ii iii 
tvarth wbili^ in n^rcird the t^chfiii^al nsnlu nt, Iks]ugl^, whiuli huve 
not provitninly been described in metal lurgicAl literature. 

Tbif l>MLojtc plant, which was aituatod dose to the dreminK 
Hwtia conatwt^ with the mine, and was de»ignod for the aroolttng 
tkf \\t mnotffitmle, ironiprised hve fumaccs. The furr^accA were of 
^-ftfi\>4Ui rtnvlriM-tinnji, The <k1(te»;t of them wam iif iJit? Flintahin! 
\y\^ wid luul a hciutb 1(1 ft. wide and 14 ft. long- The other 
(ittlkMtw Wttre ft combinaticn of tbo inintshirc and Tomowit^ 
Vnt^ Tliay «V« built origmally like tbo nowcr funiaooe at 
TiinMA«»«. I'pfMir iiilesia, with a rather largo reciangular heanh 
a UmA «ump plaeed at nne side of the hearth nrjir the- ibmat 
> Wl (onl nnultii vvexe not ubtuined from tliat coostructioi), 
Ibe tunuwsv were rearratij^fd with tbc nump at one 
>m ift IW inidHle of tbe furnace, ha m the FUntsbire fonn. 
nfrtiJCUitfct shape of the Tani<iwits h«arth was, howovOTr 
VWMeei ttioy modlfteJ had hearths 1 1 ft. wide and ffi 
lMf|,«v«^f4 CVM vhWh hwl b hr^Kiih 13 ft wide, 
Tlv njir ^vaAtiiy of ore* nae put tlii\>u^h each of tbcec fur- 
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tuu«, tbc iDcrcvc id hcartb iLrCft heinfi pnctkAlly of im useful 
eflect, bocfttiM of ui^bility to uLtiun tbv nKfiUsite tooiponturo in 
uJt parts of the lATUfcr hcartb* vrith the method of b«aUDg ctn- 
p)oy«d Thp mrti nhjnrtnt wf»<*i«lh- lu m fitmjUN< vtLh bpArth 
13 ft. %idp, uhifh It viMM fouiul tlifnctilL to kivrp in prnprf conili- 
tion, «ud &l«o difficult t<» hoodie ctHcienllr I'-vrn the width of 
II ft, vu coiuidonid too Croat, ftnd prcfcrfnc^ wm cxprcMcd 
for A lO-fi. width. In thiat coojMetton, it o^Ay bo noted that 
the old fumares at Tamowiti ««r« 13 ft. d in, long and 10 ft. 
10 In. wide, while (he new fumane w«rv 16 ft. long and 8 ft. 10 in. 
wide fllufman. *' MetaJlutgy of Lcttd/* fifth edition, p. 1 12). All 
of tbcoc dimennonfl vtte exceeded at Dcalogc. 

The FlinUhire fumaoea at Deeloge had ihj«o woricing doora 
per aide: the others had foar. but only three per &ide were ttced, 
the cliMJtH iieareel the throat end being kepi i-loited Uwamc of 
intfulBcieat teoaperature ia that part of the furnace. The funiACi^ 
with bctttib II X. li iX. had a ^rale area of 6.S x 3 f t. - 10^ 
aq. ft.; the U x X^ funiacee had gralea 8 x 3 -* 24 ft. sq. The 
ntio* of grai« to heanh area were therefore approximatGly 1:8 
and 1 : 7^, r«epeetlvdy, tCunip&r« with ratio of 1 : 10 at Tomo- 
witi, and l;Oj at SlipemtcmcsO Tliv oaIi pii^ wcro open from 
behind m the cuatomary Bagliah fudiion. The grat« bars were 
cast iron, 3<S in. long. The boi? wcr« J in. thick at tho top, irtlh 
I^ZL flpaooi between thein. The open upooou vero 3J In. long, 
including the lih m the middle. Th« bam were 4 in. deep at tlie 
middle and 2 in. at the enda. Tint Llijd^noe from the stirfacc of 
the grate bare to the fiic^oor varied in tlie difTereiiL rumiLcm, 
Some of those with hcartha 11 x 16 ft. and gratca K x 3 ft. had the 
ban 6 in. bctow tho firo^oor; in othere the bar? were almost on 
a lovet with the fire-door. 

The funtacflH w^re nin with a comparariveJy ihin bod of coal 
OD ihe grate, aud combustion waa v^vy biipfjfH-t, thn penrntage 
of imbuined carbon in the aah being commonly high. Thia waa 
unavoidable with the method of firing employed Arid the inferior 
eharaoter of the eo&l (fiooihem ILILiuikK The cxrc«sive GOn- 
nuDptloD of coal was doe largely, however, to the practice of 
taking out the euLire Ijed of cuul ai Ihi- be^^inninp iif the operation 
of "firing down" (beginning the reaction prarioii), when a frndi 
fire was buUt ivitb cordwood and Urge luropn of coal. 

Each furnace bad two fltie^ at the throat, 16 s 18 k. in elae» 
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«aoh flue boinj; prrividcd willi a ^purttti; Uumper Ecioh fum*co 
had an iron chimntty upproximnU-ly 55 H. hi^i, of wbich 13 ft. 
wn* A bmk prvlrrslul {64 x A4 in.) utui Lfie rtiriiitlnirtg 42 ft.. Kli«iet 
ftUwl, ^ycd^ Thtf? ::hunnc>'H were 42 in. m diuincii^r. TTie dis- 
tance fmtn the out^^ulc cmd of the fumttoe Ut the chimn^r waa 
ftp proximately 6 ft,, iind tln?re wiw ccnftcquuntly but litlic oppor- 
tODity for Huo duAt lo collect in the iluu. About ono9 % montbp 
hnwevpr, thi' rhiirmr-y wiw iipriiHil a1. Ilm bjuw and aliout two 
whttGlbfttTowj* (swty 600 lb-) «f fluf? duwt, wwiying about BO per 
ccQtp lead, was recovered per fumAcic. 

Tho fumaco hoiii;c wac a fmm<f bulldiita; 46 ft. wide, vitli 
boards ad« and a comigAtod-imn j>iich roof, supported by 
fltwl tni¥Befl. Thft famacwi wdrp wt- in tbw house »idp by s\de, 
tlimr longitudinal axes belnc at right aiiglcs Co tbe loii^itudtEial 
axidof tbe buildioji. The distance fn>m the outside of th« Cire-box 
end of the furnace to tho sido of the buildiofz waa 10 ft. Tite coal 
waa unloaded from a railw&y Ua<ik alongside of the building nnd 
wufi wheeled to rhe fiirnare in barrorts, Some of the furnacefl 
vucsb p^L-ed 18 h. apart; otliers 22 ft. apart. Tbe uihii ymcU 
pr«farrcd the groatcr dbt;knee, which made their work eaaior, an 
iroporttbui confiideratioo in this method of ainolttng. 

The hif^ht from the l^oor to th9 working door of the furnKoa 
wu upproximitl^ly 3C in. The working doora \ter« formed wiih 
mwUinni fnuiieo. oiaking opeuuiga 7x11 in* an ttic Imlda und 
15 X 2K in. on the ouUiden On the Bide of the furnace oppoBite 
the middle working door wa« pJaood a caet-iton bemi^phericiil 
pot, net partially below the floor-Uno* This pot vras 16 in, deep 
itnti 24 in. in diameter; the meul wh8 ) in. ihrelt. Tlie dbtance 
frnm Ihr tup of the pot to the lirtftif thr w«rking dortr wa.'iSI in.; 
from the top of the pot to the bottom nf the tap-door ir«fl 7 in. 
Tbe tap-door wotf 4 in. wido and 9 in. hijch, openinjc through m 
tiwut-iTOo. plate I J in. thick. Below the tup-door and ofi a UdO 
with the upper rim of the pot was a tap-hol« 3^ in. in dtiuneter. 
The framoi of thtr working doom had lug?! in fmrt, againnt which 
the buokstareft borcf, lo hold the frames in position. All other 
parte of the ndu of the ftimAce, inchLding the firo-box, i^^oro 
oued with |-in. eait-iron platen, which wei^ obviously too light, 
bring badly craelied. 

The cxwt of n furnace when built in 1893 waa appmxiokately 
tl400, ikot iDcliMliiic the ehimneyj but with the incr^scd euei of 
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nat«rial tbe prcacDt expense would proh*bty be ftbout $'2000. 
NoiwHh0tiiDdiii^ the Ijgbi cotistfuetion of the fumacce, repairs 
w«re Dover a Urga Lt«tn. Ooce ft iDonUi a funiaee waa Idle about 
24 houn while the throat wa^ lieing cleantd out, and every two 
tDofiUis m>m^ rcpairiAji, nuch ut rrlinitijc th<; firoboxni. c^., watt 
reqgtred. If repairs hod to be mAde od the matdc of the furnace, 
two dflys would be kwt while it wite cooling eutlicicmly for (he 
men to enter- In retiring & furnace, froin 8 to 12 hours w&« 
required to ra)«e it Co the proper lempeniiure. Out of the 305 
days of the jear. a furnace would lose from 2D to 25 d&ys, for 
dean&i^ the throat and making repairs U> the fire-lxix. arch, etc> 
When a furnace n&s run with two ahtfiB the acbodulc of 
operfttjon was ta follows: 

DfopckftriG^ >. 4aiBi. 

Bi^'Qirork 7 a. in. 

H«gi» RringdMna ,,, II a. U- 

Bcf^n finfi toppcDf .. ,........-....«•«•■■ a.*,,...,,. I p. m* 

KnkK aul bIemc .*.wi « 2^30 |)^ m^ 

Begin ncmid U^ping 3p> m. 

Dvopehftrge. , «,,*, 4 p^ m. 

Bc^ wiirkLT^C , ., 0.30 p, n. 

Bigni firing ^oitn, ..,,,, ,, .,. , It p, m. 

Bqpnfirtt tnppiog 4^.....^... t ft. m^ 

Bukc ctui d&s- , , , 2.30 a. m. 

UsglTiAcoDd t«ppli^... Sp^in. 

With iTiree shifts on a fumae«, the schedule wob na follows; 

Dropi^hAd^.... 7a.n, 

Dcgin firinsdo^ii ■... . I2a> n. 

IWgIn tAfiptfig , Ip.OQ. 

Hnk« tHii hl^ '->•*•«>..•■•«■■••.. 9p-m. 

Diva uipjiiisK 2.^ p. m. 

Drop^bftrge ,. . Sp. m. 

Oc^ Bring 4awtt 8 p. oi. 

Dc|tQ CApp-ng Up. rn. 

Ua^ out alKf --..... lOp. D<. 

Bq^tappiDg tO>30p.iD. 

DfDpehargii tt.OOp, m 

&«fkn firing down 4a,m- 

BtlEblorP^I • 5«wRi. 

Rjibi* ixjl pla^c .,......,.- 1 ...ti. ..■!... Oa m. 

R«9a tapping , 6.30 a, ID. 

Tfaa hoanlw were compoai^J of about 8 in. of gray ainx Ix^nttr 
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<lown aotidly on a basin oi brick, which rcetod on a filling of eby. 
nimtned solid. The hearth was patched if ueceaaary ttfier %bt 
drawing «f 4-'iK^li chiirKe- 

Tho n>Hlt-iEi iif smdtjtig vraa ojinlugiiuFi tii UiaL whirli vnH 
practiced in Wains rather than to the 8itciiian, the charges bciu^ 
vorkc(i oH iiuirkly, iind wtth the aim of making 'u high cxtroctioci 
^t load dirixitly iitid a gray elug of comparatively low oontc-nt io ^ 
Load. The average furTin('e cliarge wuk 3^00 lb. At the bctginriuig U 
of th(i rwiiTtJim period about K5 tn lOfi lb, of cniahed flTjompar ' 
was thrown into the furnace and mij^cd well with the chaise. 
The furnace doors wont then doacd tightly and the bompcratuit 
raiaod, tho ^r»to havirK praviousLy been cleaniyl. At the Gnt 
lapping about 1200 lb, of lead would bo obtain^, A small 
qnantity of rhip* nnd bark was thrown into the Iwuj in the kettle, ■ 
which was then jx)lcd fur a few minutes, skLmmed, and ladled 
intD molda» the pigs weighing 80 lb. The skimmings and dtoat 
were put back into thcr furnace. Tbo pig lend wne sold aa *'ordi' ■ 
nary eoft Missouri," Th© gray slag was raked out of th^ fumaee, 
at the end of the operation , into a barrow, by whi<^h tt was wheeled 

a pile outaide of the building. Shipnieuta of the «lag ytere 

le to other emeltera from time to time, ^& per cent, of ita 
lead content being paid for when tta aaeay was over 40 per cent., 
and IK) per cant, when lower. 

Each fumuce waa maimed by one smelter ($1.75} and ono 
lielptrr (Sl-56) per shift, when two ahifUt per 24 boura wptl* run. 
They had io get their own ci>&], ore and Qux. and wheel Away 
their gniy sbig and ashes. In winter, when three uhifta w^cfc run, 
the men wore paid only $1.65 and SL&O raapeotivdy. There waa 
a foreman on tlie day ahifi, but none jit night. The total eoal 
oonsnmption wns ordinanly about 0.8 t*> 0.9 per tor of ore. 
RuiiHjf^mLDe coal woa used, which coat about S2 per tun drlrverod- 
Thc coal was of inferior quality, and it wod wastefully bumod> 
as previously referred to, wherefore the consumption wu3 high in 
comparison with the average at Tarnowiu, where it used to bo 
about 0,6 per ton of ore, 

Thr chief futures of the practice at Deeloge are eomparod 
with those at TarnovfilK, Wileaia and Holywdl (Flintshire) ^ and 
i^tiperstoncs (Shrojishire) » Walea, in the following tabic, the data 
for Siltsiu und Wuica being taken from Hofman's *'MotaUurgy of 
l.eadr £fth edition, pp. 112, 113, 
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TTi* ni^lAr fumuoc vturge At DimIo^^ wah 3600 lb. Thi» 
iDg of ihrrr rhfifgco per 24 hour?! gavr n clftily rapAcity of 

^)00 lb. per funuLC«t Tticae Ggurtv tticr to tho »et weight 
of Iho conccntnitc which wu smelt'i^ juet tui delivered from 
tlM VCiiU. 1U Mi»f wjuf 9 mm- &nd tintrr. Awtimini' lis avfirafro 
DW^ur^ content t<i br & per cvnt,, ibc^ dtuly capacity per furnace 
vaa about 10,000 lb. (& tons) of dry ora. 

Tlie mot^hirgical result b indicated by the figure Un two 
moatltt of operatioo to 1900. Tho quantity of oro diTieU<xl waa 
1012 tons, oquivAlont to approximatoly U62 toms dry weight. 
The pig lead produced wa« 523.9 tons, or 54.4 per cent, of the 
weight of tlie ore. The gray slag pro<iuced vrtLA 252.25 lunit, or 
about 27 per ceut. of the weight of the an. Th<T aanay of thr 
ore waa approximately 70 per ecot. lead. frivmfE ^^ content of 
673.4 tons in the or^ smelted. The gr^y ala^ [VLiJtycd upproxi- 
matdy 3S per cent. lead, giving a eontent of 1^9.66 lomc. A*^ 
tumii^ Uihl 90 per cent . of the lead in the gray slikg Iw reeov«rubl« 
in the Hi)liBnr)m?iil &ii;elLi[ig iii llie bbsst furTiai*i<, »r SD7 tons, 
the total extraction of le&d in the ptcc^ias waa ^2^.^ + S0.7 ~ 
673.4 — 61 per cent. The metallurKioul cffioicnoy of the process 
waM, therefore* reasonably high, especially in view of tbe absence 
«f dost chambetH. 
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The coeC of smelting with five fumaees tn operation, eooh 
ting three charges per tbiy, was nppronmatdly as follows: 

I lemmiui aI S3 .,......,..,. ,,,--...„,„-,,,.,.. $3,00 

A furaacQ crewii nt S9 00 4Q..10 

Unloading 31 tonfl cf m*l ilI Os IJM 

Lcttdbg H t'liu iMd bt lAa 2.10 

7 toiu gay iIk a4 Ub. ros 

ToUl \>tbai $6a-91 
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21 toDa coal at <2 142-00 

Flux BJid Buppliea ..^ -.^ 13,00 

. BrackBauihiag and repain 10,00 

Total II2L91 

On the baatB of 6-25 tons of wet ore^ this would be f4.65 per 
ton. The actual cost itt sevea consecutive months of 1900 was 
as follows: Labor, fl-OS per ton; coal, $LS6; flux and supplies, 

fO.51; blacksfnithing and repairs, $0.39; miscellaneous, $0-017; 
total, $4,757. If the cost of smelting the gray slag be reckoned 
at $8 per ton, and the proportion of gray slag be reckoned at 
0,25 ton per ton of galena concentrate, the total cost of treatment 
of the latter comes to about $6.75 per ton of wet charge, or about 
$7 per ton of dry charge. This cost could be mateiially reduced 
in a lai^er and more perfectly designed plant. 

The practice at Destoge did not compare unfavorably, either 
in respect to metal extracted or in smelting cost, with the roast- 
reduction method of smelting or the Scotch hearth method, as 
carried out in the plants of similar capacity and approximately 
the same date of conBtniction, smelting the same class of ore, 
but the larger and more recent plants in the vicinity of St. Louis 
could offer sufficiently better terms to make it advisable to close 
down the Desloge plant and ship the ore to them. One of the 
drawbacks of the reverberatory method of smelting was the 
necessity of shipping away the gray slag, the quantity of that 
product made in a small plant being insufHcient to warrant the 
operation of an independent shaft furnace. 
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IHE DESULPHUmZATIOV OF SLDfES BY HEAP 
ROASriBG AT BSOESH BJLL' 

Bt E, J. HORWOOD 

It 18 w^ known that, owing to the intimate mixture of tbo 
constituents of the Broken Hill ralpbide orce, & great deal of 
croahing and grinding is required to detach the particles of galena 
from the sine blende and the gangue; and it will be understood, 
thoefore, that a connderable amount of the material is converted 
into a slime which conasta of minute but well-defined particles 
of sll the constituentfl of the ore, the relative proportions of 
vhich depend on the dual characteriBtics of hardness and abun- 
dance of the various constituenta. An analysis of the eUme shows 
the contents to be as follows: 

G«lMu(Ft0) 24.00 

Bknda (ZnS) 29.00 

Pyiito CF<6^ 3.38 

Feme onto (Pe^^ 4.17 

¥cm»9 oxido (FtO) raatamed in gunMa 1.03 

Oxido of muapzMoe (HnO) cootained in rticxloDito and 

ffUTlAtA fl.W 

AhmuDA (Al^^ contained ia kaolin and gameta 5.40 

lima (CkO) cootamed in gmrneta, etc 3.4D 

SEUca (BiOJ 22.98 

SDnr (Agi M 

100.48 

Galena, being the softest of these, is found in the slimes to a 
larger extent than in the crude ore; it is also, for the same reason, 
m the finest state of subdivision, as is well illustrated by the 
fact that the last slime to settle in water is invariably much the 
richeat in lead, while the percentages of the harder constituents, 
nnc blende and gangue, show a corresponding reduction in 

■Abatnct from TVonaadwni of (be Awtnlnnan Institute of Mlduik 
la^t^BB, TcO. tX, Fatt 1. 
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quantily, by reason (if Iheirbein^gerurniliy in lar]g:erHted purtlrlfs 
And norKii^ieiitly sctrlmj^ earlier. 

The fnirly CTiuiplclc liberation of each of the cocifltituetit 
BoiiKMli oF tiio ore that takee p1ac9 in sliming tcnde, of couf^e. 
to hiJp th« production of r high-grade conrentraTe by the us« of 
tables Aod ^'unTiers, and un<h>iibledly a fnir recovery of lend b 
quite po«iihU\ Rven with extatiiig machines, m the treatnieni of 
lin(^ Hliinca: but, owing lo the ^reat rcducUon in the c&pbcity 
of the machm<tf> wbi<;h takes place when it ia attempted to ctary 
the vanoinx ^' f^^<^ '■'^^^ alimee loo far, and the eonaequetitly 
grciLtly incr^fiiMMl arm nf the in»cbhies th»i wiuld be neecHSAry, 
the o|wruiioii, wjoncr or later, becomes unprufitable. 

Thr i<\teiH to which Ihe v&nner treatment of filimce abould 
bn carried w. of (MjurM.% Ioj^ in the com of thoae mtnos owning 
nmeltcn iboo with thoflo which hu^'o to depend on the ulo <»f 
conoentratra as thi^ir Mile m^urre of profit. In iht^ vk*c of the 
PRtprietary Company, nil Alinir prcxlitccd in c^ninhbti^ ea p^L-<Anl 
OV«r the mwlimca oflw tlArt^iili cation. A high rcCTivcry tjf lead 
to ihc form of concrntmt** ib, of euurec, iitrithcr cxpoclwl nor 
obtained, ft>r ix^aflons alrwidy explained; but UieHncwt lend-i*paring 
riiaitt we albnved to iinit<> with the fiLllingK, whtoh arc roltected 
5WD (iroupa of mufhlriw, and hm IIipti nm info pnirtteJ boxes,, 
■ilitrt, ^th thi? aid of hydraulic claHificiLtion, the line rich alimcs 
AM wAstird iful and carried to 8cltlin£ bine end tanks, wtiore the 
mttH ^ Milled and allowed to dt^po^it^ its 8limo, and paw over a 
■M* mfrfio^' ^ ^'^^'^^ wat{?r. The Hlime thus recov(?red amounts 
k»vti« 1200 tonn weekly, or aboni 11 per c^nJ., by weight, of 
^ oc^ •«*d wsay* about 20 per ceut. lead, 17 per cent, line, 
^il 1^ Oft, lilver, and repreficnt«, in lead value, about 11 per 
^Hk v«f lb* rtri#(Uiai h?ud coutcnlB of the crude ore and rather 
Imb tUfit percentage m silver contents, These aliine* are 
% hvsMMluei of the mUU, and their production U unavold- 
k^ (ft Ihey arf* not Hm/geaUe with the ciml of iniUin^, they 
^j^ ^ ^^ 1^ coiwiderable value, more capccially ao eincc it hac 
^m tair-— '-'-^ that they ean be deauJpburiKcd gufKeinntly 
, .,.,■-: !.'. -.x simple operation, and, at the aunQ 
, , , Is ii -i physical condition aM render* thft 
■, wMf^l f^ smeli.iiigH tiwHjg Ut ita ability t4) ro«iNt 
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of tons of these alimes which the smelters have hitherto- been 
unable to cope with, owing to the roasters being fully occupied 
with the more valuable concentrates. Moreover, the desulphu- 
rixation of elimes in Ropp mechanical roafltera ia objectionable 
for various reasons, namely, owing to the large amount of dust 
created with Buch fine material^ resulting injuriously to the men 
employed; also on account of the reduction in the capacity of 
the roasters, and consequent increase in working cost, owing to 
the lightness of the slime^ especially when hot, as compared with 
concentrates, and the necessity for limiting the thickness of 
materia] on the bed of the roasters to a certain small maximum. 
Further, the deeulphurization of the slimes is no more complete 
with the mechanical roasters than in the case of heap roast ing, 
and the combined cost of roasting aad briquetting being quite 
three shillings {or 75c.) per ton in excess of the cost of heap 
roasting, the latter possesses many advantages. These heaps are 
being dealt with, preparatory to roasting, by picking down the 
material in lumps of about 5 in. in thickness, while the fine dry 
smalls, unavoidably produced, are worked up in a pug mill with 
water, and dealt with in the same way as the wet slime produced 
from current work. 

The slime, as produced by the mills, is run from bins into 
rulway trucks in a semi-fliud condition, and shortly after being 
tipped alongside one of the various sidings on the mine is in a 
fit condition to be cut with shovels into rough bricks, which dry 
with fair rapidity^ and when required for roasting are easily re- 
loaded into railway trucks. As each man can cut about 20 tons 
of bricks per day, the cost is small. Various other methods of 
lumping the slime were tried, including trucking the semi-fluid 
material on movable trams, alongside which were set laths, about 
9 in. apart, which enabled long slabs to be formed 9 in. wide 
and 5 in. thick, which were, after drying, picked up in suitable 
lumps and loaded in platform trucks, thence on railway trucks. 
Owing to the inferior roasting that takes place with bricks having 
flat sides, which are liable to come into close contact in roasting, 
and to the rather high labor cost, this metliod was discontinued. 
Another method was to allow the slime to dry partially after 
being emptied from railway trucks, and to break it into lumps 
by means of picka; but this method entailed the making of an 
increased amount of smalls, besides taking up more siding room. 
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^mk% to tbe <xti« time w q i iif ed Tor drying, u compared iritfa 
thft foeUioti iM>« in we^ Ordin&rj bhcking macfamoe could, of 
ootiKM), be u««(l, bvt wb«ik Uw c<Mc of tundling tbe eljcne before 
MhI ^Mff brickug is rouDted. the rose would be greater cb&n 
«iUk lbs aiupk OMCbod ixrw in use; tbe tnaUdttl betag ui U>o 
iiiU a nHklitioa for tBAting into brkka until socDe tim« eUpeea 
Uh dry ii^e* a doubltt Sir*F-|t would be ti«c«0«tlat«d before aoDdJng 
moth<brkikti^tttftfbine> lf.bo««Y«r,tbealiiiwceiildb6a1l(iired 
UiM lo dry suAc^U^ la tbe troclcs. bricking by machinery would 
lirubabl; be pnffemUv. RAthtr mun* llmii 10 p«r rt-nU ul amAlU 
tt lUttdtt 'm haudUiig tbe tum|jo m and out of iht nulw&y tmdcfi, 
^ud Uu» «i Btf Itlroftdy DCted. worked up with water in a pug 
■llll «£ tbo EunKniv worts, and used partly for covering the 
^Ml^ ^>tb ^bmo u> e:<clude an exeearive amount ct air. The 
U4auc« ^ lluvwii out ami c uL into liHckis as alrvady dmeribed. 
\L U>o bca|u) th« luinpa are at prcecnt lidng thrown from 
WM tuaa w HUM^tber to reach their defitinntion in th« heap, but 
Ubg udiu^a h^ve beoo ka>d oul in duplio&te with a \'iew to enablinjc 
I ., ,',.,. r..^^ to be u^ed on the line uexc tbe heap, the lump* 
: rUuarily inUi wooden fikipa fitting the trucbi. U la 
^s«ver, thet the lump« will rrquim (n b? handled 
;.« into tbeir place in the heap, as the briitic nature 
^^.1 uuby bo (ouod to n^er automatic tipping iro- 
X cMisdecablo nving in Ifthor vovki nevertheleed 
th« uae of cranei, whir^b would lik^wide be advao- 
^iiii^ the sinlcnd material, 

.0 tediKO the inconvcTuencr aruiiiig from ftum«. 

V deain^bJe b ndins accommodalion. so that heap 

tm carrwd on at a sufficient distance from the 

li te Bw tbe eaine leflfion preferable To build In a 

. iLl 009 Uine, lighting the heapA all<.igei.her. A* 

%)Ut Iwo wedu only^ loug iutCifTala bicrvene. 

^K^twoea are abeent. 

ilal ttaree of sUme roaeting, fuel, ehicHy 

i.aUkM tjp to 5 per ecnt.. and «-a« placed 

*'iim of the beap, wh^rt* aUo a numbn* 

ureirrt plncnl for the rirruUtion of air 

-^xi tiiatf, however, been jcridually reduced, 

-Mfe of plnciniE no fuel whatever in the 

, S^ iMlrad lew thikn I per cent, of wood 
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u Bov bumfid in smHll CDlArg^mmtM o( tit« flues, iindrr tho i>uti^r 
portloD of the pile, and pl&cotl fttxiut 12 f1, upihtt at ihe renters. 
^^its is (i>unJ lo be sufficicBt to start Xhe roasting i^pcrauoii vwiUun 
24 Itours of lighlinjp:, aft«r which no further fuel is nocoeaary. 

Afl r«carda the dimensione of the hfapv, the mdxh found 
moit fluluble » 22 ft. at the ba^e. the fitdpA ftlopJRg up ralh^ 
flatter thikii one to one, with a fat wctinn <>n top reaching nliout 
7 ft, iu light. Afl there is akaye about € in. of the outer cruflt 
imperfectly roasted, it is advisable to make the length as gnat 
Bfl poseifclo, thus mmimiEiti^ the eurfaoe e«poec<t. Tho company 
b buUdlDg he^e up to 20uu ft . long. 

During roasting care is required to regulate the air supply, 
thf ijbjw'l being lo bvoid i.oi;i fieR'e a roaftt. nhit^h tpudft Ut Miliar 
and p^irt lally inAC the material on the out«r portions of the lumpst 
while inside then is raw slime. By extending the nottflt over & 
loagcr period IhLs \a avoided, itnd a utore complete donulphuntA- 
tiOD b efTectvd, Eipwiiuenla eoiHlu<.'LoJ by Mr, Hmdfordf tb9 
chiirf wcEUiyt-r, deinuiuiLralm) tlmt, at a l^rtnpenLturr of 400 deg, C.| 
the sulphide slime is converted into basic sulphaiCi while at a 
temperature of SOO dcff. C. the material horomcs wintered owing 
to the dcTompmiition of the bcuic dulpfiate and the formation of 
fusible silicate of lead. 

In prartic*, the «ilphiir pnntent« of the material, which 
originatly are about 14 per coat,, become reduced lu fraiti H.5 lo 
8,5 pe< cent., half in the form of ba«c sulphate and half an auU 
phidesi much cf the material siiiterf and bocomoa niuttcd lofEcthcr 
in a fairly eolid mnf«. The hcapi^ are built \^ilhout chjmneyji of 
ftoy kind: a «tnp about 5 h. wide along the ^reat of the pile is 
left uncovered by plafftereJ shme, and ihifi, together v^iIh the 
open nay in which the lumpa are built In. ttllows a nului»l dmft 
to be act up» which can bo regulati!d by purtly e]f>3ing the open 
ends of the flues at the base of the pile. Masonry kilns were 
used in the earlier s1ag«s wUh good results, which, ho\(cv(>r, uore 
not Ml niui'h better Llian ihoGe ol>tiiined by tbc! h«^p mrthod as 
to justify the expense of building* Lakirig into enrvideratlon, too. 
tbc cxlJtt cost of imndling the roasted material in the necessanly 
mote confined space. 

Much interest has been taken in the chemical reactions which 
take plafG in the op«rHtion nf dwu I phtiri nation of these alimeSn it 
being conUrndixl, on the on? band, that the unexpcciedly rhpid 
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fOWt ttlii<^h lakeA pUc'e ruiiy h» flui- to thi^ sulpbld« bnng in a 
very Gne atdle of AulHlividlou, and iiuire or lou pomujv, thus 
tllowiDS the uir ready auceaa to tht' fiiilphur, produciDK vuJphuro 
«id f^fuf (^})> Ou the other hand, others, of vhom Mr. Cut^ 
nirhud iA Ihe chief exponent, cUim timt iwvcrsE roftotiou uke 
plan* during the operulian, 4-oniiK^ied with the rhodonite And 
limr ciJiD()tPUmlR present \a ihc .Mhnjr?, whirh he dcscrlbeB us 
follow: 

"Tho ternp«ralufc of the kdnn hftviriK reArhcd a duU r^ 
h^tr H»»s rhodonite <siUcate of nuvnicamvio) is converted into 
tDUigftivHut oxide and hilicji; a! n rnthfr higher temperature llv^ 
oaltMum oornfHmndpi nrr n]tu> split up. ^\ith fonnation of r&lomm 
*ulphidc. tJic .tjljjhur ta-ing provided by the slknea, TIw! *ir 
perttitatinK the niviH ox\di^t& tho mnnfifincao oxide ftnd calcium 
sulphide into irmn^Lincac tetr<ixide And ealciutn eulphate re» 
lively, u Hhi>wii tvt fiiUonti: 



us 

1 



mao + o 

Ca3-f-40^ 



Ca^„ 



«pco-^ 



ftnd, wi »uch, are carriers of a form of concentrated oxygen to 
the flulphidfl nlimctt, with a uorreefxindinK rcduotion to man^a- 
no«» oxide and c^ulclum sulphide, m shown by the followm^ 
cquittion, in tlur (use uf lead : 

PbS + mnfi^ - PbSO, + 12MnO 
PbS + CaSO, - PbSO, + CtaS. 

The oxidfltion of the maognnous oxid« and c&lcitJin sujpludo i« 
rcTHr&tfMl* and th<-9ie nltemnle reuctiimM nvijr until the devul- 
phuriutit^n «*nsw> or the kilu i.\M>lft dtwri t^ a temperature lielnw 
yshieh oiulati'>"* cannot occur. Tiiwe rc^^ction^, being lieat-pnr>- 
ducin^t provide part of the heat neettvwxry fDr dceujpburiuition. 
(rUieh i* brought about by certain concurrent reactions between 
nituntc imlphaiee and sulphide, 

**Tlie firtt l^ttl [>robflhly orciirs i* that in whicli two cquiva- 
ImdH ti tho metallic sulphide react on one of the laeUilEin sulphate 
vdtU teduotion to tho metal, metallic sulphide, and :<n]phurou« 
acid,aB <hown by ibe following wjiiation in the cmc of Icod: 

2Pl^ + ?\&0, - 2Pb + PbS + 2SCV 
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"The metAl so fonned, in the praseoce of air, m oxidiied, and 
in this BtAte reacts on & further portion of the metallic Bulphide 
produced^ with &n increaaed formation of metal and evolution of 
fiulphuTOue acid, according to the following equation, in the case 
of lead: 

2PbO + PbS - Pb + 80,. 

'' The metal so produced in this reaction \a wholly reoxidited 
by the oxygen of the fur current, and being free to react oa atiU 
further portiona of the metallic sulphide, repeats the reaefifM, 
and becomes an important factor in the dcBulphurizing of the 
undecomposed portion of the material. As the desulphurization 
proceeds, and the sulphate of metal accumulates, reactions are 
set up between the metallic sulphide and different multiple pro- 
portions of the metallic sulphate, with the formation of metal, 
metallic oxide, and evolution of sulphurous acid, as follows: 

" With two equivalents of metallic sulphate to one equivalent 
of metallic sulphide, in the case of lead, according to the following 
equation: 

PbS + 2PbS0, = 2PbO + Pb + 3S0,, 

" With three equivalents of metallic sulphate to one of metallic 
sulphide, in the case of lead, according to the following equation: 

PbS + 3PbS0^ - 4PbO + 4S0,." 

The volatility of sulphide of lead — especially in the presence 
of an inert gas such as sulphurous acid — being greater than that 
of the sulphate, oxide, or the metal itself, it might be thought 
that the conditions are conducive to a serious loss of lead. This, 
however, is reduced to a minimum, owing to the easily volatilized 
sulphide being trapped, as non-volatile sulphate, by smaEI portions 
of sulphuric anhydride {SO4), which is formed by a catalytic 
reaction set up between the hot ore, sulphurous acid, and the air 
passing through the mass. Owing to the non-volatility of the 
silver compounds in the slimes, the loss of this metal has been 
found to be inappreciable^ The zinc contents of the slime are 
reduced appreciably, thus rendering the material more suitable 
for smelting. After desulphunsation ceases, a few days are 
allowed for cooling off. On the breaking up of the mass for 
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deepAtcb to the smelters, as much of the lower portion of the 
walla is left intact as poasible, so that it can be utilised for 
the next roaat, thus avoiding the re-building of the whole of 
the wallfl.' 

> In the ooune of fubioqiiBnt dia(Ri««i Mr. Honrood itftM th&t the 
kvBB m iQutingiran 12| percent, hi IbmI and piobabtr sbcnit 6 per cent, 
in dhw. Ae oooipued to nrnnting hi Rof^ tunacem the \om m iead wu 
5 to e per oent. gieater, bat the differenoe of kve hi «]fer vm, be tliou^t, 
Mt tt^pnmhh. Mr. Hibfaud nid that the Ontnl mntf hul obtuvd 
^■flaf MtMleptoiy lemhi with mmtory kilu. — Edttob. 



THE PREPARATIOH OF FIKE MATERIAL FOR 
SMELTDIG 

By T. J, tiRKKNWAT 

Id the coitrae of snwitinx, at Xht work« of the cnmpanjr known 
AM the Broken Hill ProptSetory Block 14, Enktcrial which coDflbt«<l 
chkdy of alvor-lead concentrate and tWrac, T<^n\tmK from the 
oooMotraciott of tbo Broken Hill complex mlphido nre, 1 h^d to 
eoQteod with all tho troubles whieh nitond ih« tr9«tm«nt of l^rgfi 
quontUies of finely divMed mAt'Orial in bl««l furnares. With the 
viftw of Avoiding these troublef, 1 experimented vfith various 
hriqtietting pnx^Gflses; and, nftcr a number of more or leas utiB&t- 
ioJactory experidncee, T &df>pt«<l a procedure similar to that 
foUowed in manufacturing ordiniiry bricks by nbat is knovn as 
the Nemi'dry brick- pressing proeese. Thin method of brif|uetting 
not (itily wMivert© the fuiflly divided ni^iterijtl t-benply uiid effecl- 
ivdy into hard semi-fu^ed lumps, which are etipecially suitable 
for the heavy furaaee burdens re<iuired by modem amcKinR 
praetic«, but also ebminatce Butphur, ar«emc, etc., to a f^reat ex- 
tent; therefore, jt la capable of wkle «pp)icattoti in dealing with 
pdtii'pntrntr, hIuih-h and wlhttr finely diviiled uiatena] cmit4unin|c 
lead, copper and the precicus metals^ 

This bnqucttjng procees compriso« tbo followinK Mricn of 
operations: 

1. Hixlng the finely divided material with water and newly 
elaked 1tin«- 

2. Preeaing the mixture into blocks of the rise And ahape of 
ordinary bncks- 

3. Stacking the briquetiee in suitably covered kilna. 

4- Burning the briquettee, so as to harden them, without 
nwtling, at the same time elinunnting eulphur, arsenic, etc. 

L The material ie dumped into a mixing plant* together with 
■Qch proportiond of scrrcned slacked lin^c (usually from three to 
fiw per cent-} and wat«r ae «hall produce a powdery mixture 

6» 
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whkh uill, on hcXtiii H)uv<*Kfv] in ilir* hitnl. tr^hrrc into dry lumptf. 
In prftpMinK th<; tnintun^ it u« mcW i<j nii\ wiiuly irmTeri&l viiib 
iuiUbl^ proportiriTiA of finr, nuch o-s slime, in oidcr that ihe liuer 
mtttoriftl may itct n^ a binding o^cnt. 

TJie mixer lUiod by me cotrnwu of an iron troufih. about 8 ft, 
long, tTftversed by a pair of revolving shafts, can-yLng a aerics of 
knivM arraiigEci nrrcw- fashion; and »ti jilaced thai the IcniveH ou 
on« AliLLfi travel ILiroueh the Apaccs betwoeji the kni^ui uu Uiu 
Other ahafl- The various mat4?nala aro dunipod into one end of 
the n:uxiiif; trough, from barrows or trucks, &iii aro dchvcrod 
c^nlLimoufily &i tho nih^r ^nd of the trough, into aq elevutor 
whioh conveys the mixture to the brick-preHtilng |j]ant, 

2- The |tlanl employed waa Ihe aetni-<iry lui<!k-pn4«. Thi* 
machine recelvua the mi^tture fruni ihu elevatora* und delivers Jt 
In Uio form of briquobtes, which can at once bo Mtatked m the 
kitM. It w&e found th&t auch material aa conoen(rut« and Blimo 
ItM eomparativdy little mobility in the die» (luring the pressing 
irtpenitiim; 1\\\p i\tn'^eaa'\ini&i lUt! u^e of a dt'vife whii-h pruvidm 
for the ancurate tilling of the di(». It vi&n also found Ihat the 
Quilcrials treated by ameltcm vary in com prt^^ ibil if y, and this 
tvndera noowwary the adoption of a briekpnoflfing plant hai-iog 
pliuigera which are fort'ed into th<i didit by mfmns of adjuetabte 
■pringa, brlt^k-iin^HSE^s loiving plimfrrrH ai-liiatpd hy rigid mec-ha- 
niirni bt-ing extrcn^cly TiahTc to jam and brc^k. 

3^ Briquettes made from auch material as concentmte and 

ilimQ vary ^ti fuaibdiry; they are nlso combustible, and white 

WkH^ homed they prudure lar^re quantiiicfl of smoke contaimnj; 

tttlphuroui add and nihi^r iilijcic'tiormhle fumes. It h therefore 

noeitfaary that Much briquottcA be bumod in kihi^ provided «-ilh 

arrangmient^ for accuratdy rontroliing the tjuruing t^pernliona, 

find for wmvcniently disposing of the smoke, fiuit^ible kilns* 

vhich will contain from 30 to 50 tone of biiquett«e per eettinff, 

ntv unplovcd for ihia purpoM*, Rrgpnerative kilns of the H*>ff- 

mtn type ta^hl be iiW for dealing; with siitne hila»M» oi rnaiert=ii, 

baL. for iWfil purpuACs. Uie kilns aa deei^ned herv will be tound 

not* ccffl^^vBieaU 

'w^ut briQV***** '^ sbaeked aocordinf; to the character oF tho 
_...^ »Dd i^ ob)e«l to be obtained The varioua methods 
4r mMfkkm- "^ *** roawo* for adopting then^ fiim be readily 
w «tidT^ ordtoaiy brick-burning utwratiiinA in any 
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large brick-yartJ, Aft^ir tKit Hitttrkirifi U c^oinplcUi thit kUn-frtvntA 
ire buih up with Ixinit britioHHw |in»Jiiri^[ in oonduntln^ prcvkniJ^ 
^^peratioDs. luid all rhc joinU arc wdl lutc<l. 
^B 4. In burnicf bnqucttc» ma4c from pyritc or other scif- 
^niniing mat^rioJ, it in »mpty nccc«wiry to maintain a fin? in ihe 
HhIo fifieplac«B for a periotl nf from 10 ta 20 bourv Wli«n it a 
)vctg«l that this firiDg htm been mntimi^cl long enoii^, tho 
fire-bara are drawn aod the frorite arc lule>i with burol hrtttuettcs 
in tbe sacie maimer aa the klln-fronia. Holce about ivi^ tnchefl 
aquaro are then mado in thcBO tutingG, through u'hioh tho' Mt 
required for the further burning of the briquetife is alloii^ to 
eaUr the kilns uinier proper control. After ilie iirepljLces Are 
thw irlueed the pmgrett of ttie buniiiiK, which wmliimeft txK 
pcnQ<ia <if rrom ttinw to rax days, is wfttchcd Ihriiugh »ma]{ in- 
spection holee mihdc iii the kilnfronlei and whf^u it is flpen that 
tbo biimin;; is oon^plete tlie fronta are pariuUly toni away, in 
order to actrderate the cooling of Lhe burnt briquettes, which 
are lin^ken ihinvn txniX conn-ywl T,i> the Hinelirra v.n sooti ua thL\v 
can be conwniently ItandleJ- 

\Mien briquHtt'tt mjidt imm pynte concentrule, or of other 
free^bumirifi rn-U<"niki» an* thua frwilcd. limy um not only mntcrwl 
but they nre al>o more or lew e(Toctively nmntitl, lUid it itmy tm 
tak«>n for gnuilivl thut any ore which run Ih- rFTiM^iivply ronsilcd 
ifi the lump form in kiltin or KtnlU will form Sriqurttnst ihnt viW 
both wnlcr and roiL-^t well; indeed, one tnjiy piny more thun Ihi*, 
for bnquotlc^ whirh will emter uml n^jistt \s-d] can bo mndc frocu 
many cIvmhi of ore that cannot bo eflf4?otiwJy treAted by ordinHty 
kiln- Atirl Ktull-ni^iKtinK rprrnTintin; Hnii, nmn-nvrr, K"od-hiirniiig 
briqueitfM may he m^ulc fn>ni mlitunw of frc^i^lm ruing and jm>i ir- 
buming matenaln briquettes contaioitiK larger proportions of 
pyribo or other frci^burnm^ tn^iierial wHt, unleee the Bir-9uppty 
is properly oontrollj^l, often heaf xip to mich &n extent ixa lo fi»e 
into solid innjw^, much in th<^ uninr mHnnpr tw mntto iif pyritir 
ore will nieh when it In iniMkilfuIly linndM in roa»jiing. In 
dealing with material which will not bum freely, auch as roasted 
foncentratCf the briquctting is conducted with the intention of 
sLdtering thd matE^nal; and in this case the bring of the kilns Ls 
continued for periods of from three to four day?, the procedure 
lieing aimUar in every way to that foHowed in burning orttinarv 
leka. 
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whidi will, un hehxfi aqutvunl In the- hnml, tohc^re la 
In propAriEig the mi^^iurc, it ia well to mix Mmdy 
■uitublo pruportioiiA o( line, aUL*h a& ftliiiic, in nrdcr 
mklortiil mjiy ucl as a binding JigenL 

Tho riiiitrr uhwI !jy me i-onsisrs tjf an tr^m trougl 
long, trnvvinMHl liy » puir iif rGvolvjiig fihnfl?, cnrryr 
kiuv» arnLnged Acrcw-ffishion; mud m placed that 
one shuft tmvol thntugli tho tspuces between the 
other ahaft. The varioiifi mc^tehiklH ute dumpod I' 
tho mixing tmiigh, from hiirn>wM cr Inji^kit, an- 
continiioUJtly nl^ tht.: nihrr nul cif th^ trough^ i' 
which conveys the mixture to the brick-presaifiE 

2. The pl»nt employed waa The sotni-dry \- 
mnchino recoivps the mixture from ihe dlevatof 
in the form of brirjueH^;. whirh ran at once \ 
kiln». It wnn fount] that. Nurli m^ilt^nA] as ami 
liaH comparfitivdy little mobility m the Uioi li 
OpOHLtion; this ncccfieitatea tho uao of a dt*\ 
for the accurate fiUini^ of the dice. It wtwi 
materials treated by smelters vary ic coDkp' 
rendi^r^ n^eMnary the adopiion of a briek-|»! 
pJuiif^iTH wliirli arf. furirt^l hito thi^ tliflrt 1»> 
epfiiiK^, Wick-prvflHCtf Having plunfleni arn 
njnni bcmg cxtreinoly liable to jam ami 

ii. HruiuettiM mado from Nuch mui 
Klimu vary in fa**il«Iity; Ihey nrc ali"i 
lidog biirntHJ thi^y produei^ 1ftrg«! <iitarf' 
«ulphurijua acid and other ehjtciionfib 
ncoesaary th»t !<uch liriqucUof be bum 
arraingementH f{>r nccurutoly o^ntrollir.i' 
ami for ponvenieniiy riiMjH«mg of Ui- 
wbmh wilt (vintuin from 30 ui 50 Uri\> 
arc cmploycti for thia purpowc, ll*^:'. 
man type mifcht be umxI for dea[iii£ >. i . 
but, for gencriil purpo«e«. the kilnj' n.- i^ 
more eonveniwit. 

The hriqtJettnt am Ntack«d arenrdl' 
material and the objffot to be obl^n > 
of Marking, and the reasoof for jJi 
Icamed by studying ordiiutry bri^'l- 
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Tlie value of bfiquetUng in conjkcctioD with raeUlluTKiail 
&»d itie mukuCacUuvof ariifici*] etooe ia well uc^dervtotxl 
ftad •pi>rooiftte<L Is «aelUii£ pUnto thoro » alvrnys more or lot* 
fltie dust, £u)e oree, and sozn^Jmee fine coDcentraics to be tmud, 
but the chflfging of auch fine mAtcfful dirM-ily Lnio a funum 
wuitU! cKum; truuMe Aiiii IrrtculAXtlMft, adiI wuultl Itwen lU 
dtpacity also. As mbenl briquettinf; caonot be effected without 
eoasdcnbJe wccu- upon the mtwIuDer^' and without quite Appre- 
ciable expense m brnder, labor, and handling, nuiny Hmelten try 
■to avoid it- 

The financial qurntjun, hovtevvt, b not hh venoiut a« it may at 
first appear, and takinc the Urge output of modem briqucttiait 
DUchinGS ID cotinidrrratinn, the ^'Odt for repairs amounts only to 
m few eenta per ten M bnqucttevi matehaJ. Tbe tottU co«t depend! 
'io the first place on the ccutt nf labor, power aud ilie hinder, and 
in nuiBt Atiimcjtn smelten it varim beln4Wn $D-6A and $1.25 
per ton of b liquet t«*. 

Ordmuy bricJc prce&efl, with clay afi a binder, were tuod i& 
Europe m wdl v ir this country, but they are too nlow and 
flocpmuive for krge prr>pnKiEiotiH und the pret^ence of clay in uninlly 
undesirable. 

The English Yeadon (fuel) prttfs haa aleo been used for some 
yean at the Carlton iron Compnny*fl Works nt Ferryhilt in 
England, and at the Ore and Fuel Compnny's pl&nt at Coatbrid^ 
in the Bune country: al&^ by some Contincnul firmy. Diipm d- 
Sons, Paris, furnished a few pienwai wTiich arp m<wtly vuinvl for 
maiiiCeDese and iron ores and pyritca. Income loealitica coke duel 
ie added. The making of clay hiiquctlcs or mud-cakce is the 
enideet fonn of briquetting; but while heat has tc be expended 
to evaporate the 40 to 50 per cent, of moUturf^ in therr, »nd » hile 
oonaiderable Hue dust la made, Ihia method i« better thaik fc^iirti- 
fine ore or flue dust directly into the furnace. 
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The only other method of avoiding brlqu«ltbig is by fusing 
ore finw in *lftRK"^R rov^^rberalury furnnr^ea and by adding flue 
flusl in tht*. Aln^in^ p'll. tluLi iiicuriKnatinK i^ with Um aingging 
oro. Thia ii* practified aametitnw m tiitver^le&d Mncltcr?, but In 
oonncctinn with copper ur iron tftiieJT,era it xa noi pni«ticablc. 

In tiTir^uottrnK rnin^mla n Ehorou^h mixinf^ iind knnading is 
cf tlip firKt import unci*. !f thia w dune j>ropjTly ii P'lfnpnrntively 
luw pnp.wi^re will :<tjlTi<it; tn i^mtlfi n gotid und mA'id hritptpxre. 
whidi flftcr six to dcht houm of wr-<iryinic, ©r After a speedier 
elimination of tli^? surplus r)f moLiIiirc in hol-air chambers, will 
be rcndy for i.hc fiimikce < harge. A ^oc>d briquette shoytd pemiit 
tnuii^porlniion without r^xcossWc bmhlciige nr dust A f«w houfS 
nfcrr iH'inK itijide. ntid it should n<Uin it* i«hnpo tn th« furnju^ 
until rompletrly fuseiJ, -^o as ti> create n:s little Hue du«l ofi piiHcblf*. 
The briquette ahould be ilenac, otherwise it win crumble uitder 
the influT*ricc of hud wcjitlier. 

The two prcwMv mi [\it* Amcnoan mut^hinety market are il>e 
typ<^ hiiilt hy thr CfiiKholm, Itciyd ttc Wbilf? Ci>m|>an>\ nf Chiragu. 
and the briqucttin£ marliine nmnufiietured by the 11. S, Muulil 
Company* of IHttsbunz. Both urc extensively used, and in mtay 
motaJluricie&l phinte it will pay s\'ell to adopt them. 

FroiiEi 4 lo 13 per e^nt. of milk of limo is generaTly need as 
binder. Hiid this hns a desirable fliLxlng irfluenee also. A eom- 
p\t\lts outfit w/jnpriHt*. besidea the pn»Mj n nilxi^r for idM^liuig lijp 
liinr. And a fefnl-pump whicli dischaXK^ the U^iuid in proporl.ion 
imo the main mixer wherein the ore fmm, Hue dual, or conccn- 
tnit.e« aro shoveled. 

The Chisholm, Boyd & While Company'a pre«fl makes 8(» 
bri[|Ueltt« per iiiioute, which, with a urfw dink, an? of 4 in, diMtii- 
Cter and 2\ in. highl, Ihua giving alioul f^72 cu. ft. of briiiviellc 
volume per It) liouf«, or 50 to 80 lon^, dcpendiuK on the weight 
of the material. With the w«ar of the diak the hiftht of the 
-brlqtjettes is reduced and consequenMy iheeupUL-ity of the machine 
'Blao. The diMk ueigli?! jtboul IfKK) lb . and n^ iihimI )arK<' niTTHterit 
Iiave their oun foundrJea il can be replared with little exjiennr. 
About 30 effective horee-power ia usually provided for drivinj: 
the apparatus. The niaehine ia loo well known to motallurjEinte 
and engineerf4 to require fun her eocunenl or dcweription. 

Tlje ir S. Miiuld Ci>rnpiiiLy ha^ nJao auecewiiH) In making ir.< 
machine a thuroueh practical Enicccvfi. Thia u^achuie w u phtu^er- 
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type press. The largest press built employs six pluogerB, and at 
25 revolutions it makes 150 briquettes of 3 in. diameter and 3 in, 
bight, or 1080 cu. ft. per 10 houiB. Its rated capacity is 100 
tons per 10 hours. 

In using a plunger^type press the material should not contain 
more than 7 per cent, mechanical moisture. If wet concentrates 
have to be briquetted it is necessary to odd dry ore fines or flue 
dust to arrive at a proper consistency. The briquettes are very 
solid and only air-drying for a few hours is necessary. 

The cylindrical shape of briquettes is very good^ as it insures 
a proper air circulation in the furnace and consequently a rapid 
oxidation and fusion. 

The wear of the Mould Company's press is mostly confined 
to the chilled iron bushings and to the pistons. Auxiliary ma- 
chinery conaiflta of the slacker, the feeder and the main mixer. 
The press is of a very substantial design, and it is claimed that 
the cost of repairs does not amount to more than 3c. per ton 
of briquettes. 

Wear and tear is unavoidable in a crude operation like bri- 
quetting; to treat flue dust, ore fines, and fine concentrates 
successfully, it is almc^ absolutely necessary to resort to it. 

Edison used a number of intermittent-acting presses at hie 
magnetic iron-separation works in New Jersey, but this plant 
shut down some time ago. 
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The pl&Dt, whirfi is hpre dcHcribed, for bricking fine ores ftDd 
flue dual, VBJi deeigficd and the plan^ produced in the engineering 
dfipcutmeut of the Sciby emcltor. The in^icbincry coDtaiaed in 
the pUnt coDflietfl of a Boyd fouT-iDold brick prcee, & 7-ft. vr«it 
pAn or Cbiie mill, a &U-h^p. induction motor, and a conve/Of- 
devfitor^ together with the n^rcwi^ary pulleys and shafting. 

The prema, Chile mill, and inolor need no special mention, aa 
they all are from standard patterns and bought, tvithout alters- 
tione, from the rtapcctivc builders. The Chile mill was purchased 
from the butldere of the brick preee. The conveyor-elevator waa 
built on the premises and consiFts of a 14-in. eight-ply nibb«r 
b^ll, with buckets of sheet, steel placed at intervals of 6 £n,, 
running over flatiged pulleyfl, Tht; buckets, or moro properiy 
tfp^Aking the flights, are madtr from No. 12 steel plate, flanged to 
produce tho buok und ande, with the ondti aeeurcd to the tiangeii 
bottom l^ one rivet in each. The plant has be«n in opeialiEUi 
for aixtcen months iind there ha^e been few or no repairs (o th*s 
fllorMor, except to renew the beJt, ivliich is attacked bj- the acid 
eonlttinod in the charges. Thia first belt wa£ in continuous uac 
for uin^ months. As originally dceignedj the capacity was 100 
UmM por day of 12 hours, but this was found to require a speed 
ao hi^h tlmt the workmen were unable to handle the output of 
thm pnu. The sined wus, uonAcqucntly, reduced about 25 pe:r 
<«bL, which briiixs the output down to ubout 75 tons per day. 
output, ai o^r^^^^ i'l weighty naturally vnricff riomowhat 
lo tiM vmhalion in the weight of the matcnnl handliyL 

It b pfobabla that the capacity could be incrcawd to about 
M tai00 biy jKlinlniL the brinks, whirh cttuld be dorf»^ but would 
K nHfladarable amount of alteration in the machine, as 
iL ^ ihi|Lniil to pioduce a standard sised building bnckn By 
iMl «Mlmt of incTvaM, however^ tho t^ork of handling would 
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Tiol be niftierially inercianed, bcc&iuc tbo DUmlwt of bnoki< would 
be the edime aa iritb tbe presoat output of 7& tons; there would 
be About 16 pet ocDt, movt to hiuidlc, by wclf^hl, Workini; oq 
'1h6 b«ns of 100 tODs CApAcityT the biiu were deeigood to afford 
■toiageioom for about Ibt^e d&yH* rua, or a little o^^er 300 t£iD£. 
Tbe fafakB are made eDtirely of ateel. in order tli&t llie hot material 
may be dumped into tbcm directly from ibe rozu^ting fimiACOB, 
thtia aaving one haodliiii^. In order that there may be room for 
ttevenl kiitda of matcnal, the bins are divided into savec com- 
pftnmetitfl. three on oDe side and four on the other. The lower 
pATt iit of I'in. Ateel plate, and tlie opper, about oue^tialf the 
hjght, of y^'tu. piftte. 

It may be well to caD Attention to tbe m«thod of Handling 
the material, preparatory to it« delivery to the bnck praw. 
Tbe bbia are cooetructed, as nill be seen by the dnwSng, with 
their fioor set 2.S ft. above ihe \iorktii^ floor, wliich enablea the 
warkm(?n to reach the ni&tenal with n. cuininiuni pflttri. The 
floor of the bins prt^ject 2.5 ft, in front of the face* tbua forming 
a platform o^ nhich the abovehoR muy he done without the 
ikece«iily of bending over In thia pro}ectiiig pl^itform are cut 
ntftaoguliu- htAat 12 x IH In., whir^h are ptnt^M midway bctwwn 
the openbigB in th« fr<mt of the bins and funiwlird with Mrnvnii 
to iftop any stray bolt^ or other coante material that mif^ht injuie 
tbo pn^ This position cf the holca through the pUtfomi wop 
adopted eo that, in tlie event of the inatr<nul ninninj]; out bcyoad 
iHe opening in the fiw-e, it would not full dinn^tty upon th« floor. 
Two buckets are pmvided, witli a [:tt|mdty of 7 ni. ft, earh, 
wbkb ia tbc siec of a eingte char^ of the Chile milL These buckets 
hftvc A hopper-shaped bottom fixed with a ewioKUi^ g;ato which 
is operated by the foot; thus the bucket enn tie run ovor the 
pan of the Chile mill and the charge dumped directly into it. 
TTie biickctfl nm on an overhead imn traf^k (l in, by U in,) hting 
7 ft* in tbe clear* above tlie floor. 

The method of making up the charp^e 10 na followe : The bucket 
16 run under the bole in the platform ncan^t to the compartment 
eontalning the maten»l of which the charge is partly compoaedn 
and a predetermined niitrber of phovelfTjle is drawn out and put 
into the bucket, which ia then pusliixl on to the next coiitpartinenl 
from which material is wanted, where the operation le repealed. 
Aftor obareing uito the bucket the re>quifiite amount of ore or 
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The number of men required to operate the entire plant, 
exclusive of those employed in bringing the material to the bina 
BDd emptying the cars into them, is 12, placed as follows: One 
preparing the lime for use^ one removing the charge from the 
mill and supplying the elevator-conveyor, which is accomplished 
by means of a specially shaped, long-handled shovel; one keeping 
the supply spout of the press clear (an attempt was made to do 
this mechanically, but was found to be unsuccessful, owing tp, 
the extremely sticky nature of the material, and so was discarded 
in favor of manual labor); one to control the press in case of 




Fio. 1 {b). — Pl&Dt for Bricking Ores. Selby Smelter. (ElevationJ 



mishap and to keep the dies clean; one oiler; three receiving the 
bricks from the press and taking the brick-loaded cars from tht 
press to the drying-house, and two placing the bricks on the 
shelves. 

The drying-house scarcely requires description; it is but u 
roofed shed, without aidesT fitted with stalls into which the 
bricks are set on portable shelveSr as close as working conditions 
will permit. The means of drying, at the present time^ is by the 
natural circulation of air^ but a mechanical system is in contcm- 
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plation, by which the ur will be drawn into the building from 
the outaide and forced to find its way ont through the bricka. 
The drying-houae ia adjacent to the preaaing plant, in fact forma 
the back of it, ao that there ia a minimuTn distance to haul the 
product- The time required for drying the bricka sufficiently 
for them to withstand the neccaaaiy tip-nHling ia, depending on 
the weather, from two to «ght dayaj the usual time bang about 
three daya. 



PART IV 
SBCELTING IN THE BLAST FURNACE 



HODERIf SILVER-LEAD SHELTDIG ' 

By Arthur S. Dwioht 

(Juuuy 10, 1BD«> 

The rectangular silver-lead bl&st furnace developed in the 
Rocky Mountaina haa an area of 42 x 120 to 48 x 160 in. at 

the tuyeres; 54 x 132 to 84x200 in. at the top; and hight from 
tuyere level to top of charge of 15 to 21 ft. Such a furnace 
smelts 80 to 200 tons of charge (ore and flux, but not elag and 
coke) per 24 hours^ The slag that has to be rcsmelted amounts 
to 20 to 60 per cent- of the chaise. Coke consumption is 12 to 
16 per cent- of the chaise. The blast pressure ranges from 1.5 
to 4 lb. per square inch, averaging close to 2 lb. Gases of hand- 
chained furnaces are taken off through an opening below the 
charge^Cloor, the furnace being fed through a slot (about 20 in- 
vide, extending nearly the whole length of the furnace) in the 
iron floor-plates; or through a hood (brick or sheet iron) above 
the charge-floor level, with a down-take to the flues, charge-doors 
being provided on each side of the hood, extending preferably 
the whole length of the furnace and usually having a sill a few 
inches high which compels the feeder to lift his shovel- 
When a silver-lead blast furnace is operating satisfactorily, 
the following conditions should obtain: (I) A lar^e proportion of 
the lead in the charge should appear as direct bullion-product 
at the lead-well- (2) The slag should be fluid and clean. (3) The 
matte should be low in lead. (4) The furnace should be cool and 
quiet on top. making a minimum quantity of lead-fume and 
flue-dust, and the charges should descend uniformly over the 
whole area of the shaft. (5) The furnace speed should be good. 
(6) The furnace should be free from serious accretions and crusts; 
that is to say, the tuyeres should be reasonably bright and open, 

' AbotnKt of portion of a paper presEmted at the Mexican meeting of 
the AmericaD Inrtitute of Mining Engineera. under the title "The MechiLnLcaL 
Feeding of Silver-Lead Bk^t Fumaoee," TranMeiioM, Vol. XXXII, pp. 
363-395. 
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mid the l«vd of the Teutl iit thv \fMc\-wi*]} should ropond promptly 
to vuibUnnn of prcsatire, ruuHtMl by t,hi? Miuit mid by (ho fiigH 
of tlie column gf molten sLig und mmttc intiidc the furnace — an 
indication that umpje ennncdion cxicta between the snadtiiis 
column nnd thr oniriblci^ Good nKluction (tueing thai term to 
«xpn^w thi* dojt;n*t> tn whtirh thi- fiimju^r bt mAnrfoftllng iis reducing 
Hction) is* nbtJtiiiin! v/hmti l.hv firat three of the above conditioiiH 
arc antisBcd- 

For DJiy ffivon furnace there ore five prime fiKrtors, the resultant 
of which dctmninEfl the roduolinr^ niuncly: {a) Chemical nompo- 
idtion <if the furnatoe tharges; (fc) proportioTi nnd character cf 
fuel; {c) (ur-volurnc lUiti iiresMum, to which might iwrtiap* a\»i m 
be added temperature tf blwt, for, althoUEh hot blnst Iioa not 
yet t>ecn micoceefully applied in I cad-<im citing practice, I beli«vc 
it i* only a queetion of Mmc when it will be; {d) dimcii«ione and 
proportions of smelting fiimfioe; (r) mechunieoi) ehameter und 

amingnment of l.he smelliug rnluinn. 

AW but one of the above Uctore can be IntetligcDtly gaged. 
The mechanical fact<jr, ht>wever, ran be expr«flcd only in gCDCr- 
ftjitice and indefinite tGrms. A vine flctecrtion of oroiq and proper 
preliminary preparation, eniahing the coarse and briquetting the 
ftne. will do much to rcgnlate it> but all thtM care raay be largely 
nulliSod by careleets feeding. The injporlaiice and po&aibilities 
of tiio mechanical factor arc generally os^rlookcd and ila aymp- 
tomfi are wrongly diagnoaed- For instanee, the imporlonce of 
slog-typee ha« undoubtedly been considerably exaggerated at the 
eJtpenw of the ropchnnii^al factor, ^log^ uplrlnm come down 
exactly OS figured. We niuat koow our ores and apply certain 
empiric^ corrcctioufi to the iron> aulphur^ etc., boficd on previous I 
expwienoe with the ore«; but tboee empirical correctione may 
ffC p ww Dt also an unformulated expre«»^ion of the influence of the 
mechanical factor on the reduction — a function, therefore, of the ■ 
ruling physical couiplexion of the orra, and the pceutiantiee of 
the feeding habituidly maintained in the works conccmod. With 
a given ore-charge large reciprocal variaticna may be produced 
m the composition of elag and matte by merely changing the 
meebanJcal condition" of the smelting rolnmn, and since the 
efficient uliljxatiun of both fuel and blast niu^t he controlled Ui 
the same way, the mechanical factor may be eonsidered, perhaps, 
the dominating agent of reduction. Inasmuch as there ie no 



S31LLTINQ IK THE BLAST FtRNACG 75 

VAy of filing it, lK>v«\-«r» the ocily recourie ii to i«ok a corrcrt 
idjiMtnwat aod mjiinlaiii it » ft potiilive eonstjini, afur wtiirh 
ib^ fucJ bixl bbtHt may be witli iiiucli greai^tr tirrtnintj tuljitAed 
towud cfi)cir-ncy of fum&c« work and metal-aaYinx. 

Btkaifw 0/ iron, — The output of lead is so dcpcridcnl upon 
(b«nftctlon«of thoiron in thv c1m/g<» clut iborhicf lUtootioD 
Bkij irdi bft fixed vpOD that metttl ju the k«y to Ihe «ittiatioD. 
The miAonoi i>f thi? procciv d^iembi Ur^Hy iLjmn rr^dtiring Just 
llw right amount of Itoel to throw the IcwJ out of the niaU«, i^ic; 
teomiodcr of the iron bcbfc rcdxtcod onJy to feiToiu oxide and 
«it«mg tho iUff. Too mooh inm roduoed will form a sow tu 
tlie h«ftrtlu Iron in rvJuc«(l from iu oxid«t principally hy mm- 
tact with mild iniundrMncnt aubim, iind hy the action of Iiot 
ttiboa monoxide- lUductioQ by aoEd carbon ia lUr? cieoe^ v^nAtt^ 
fuJ* but tbctc ifl in lc»d amdUoic an cvon morr serious objc^ction 
to pormittiniE tbo rciuction to bo aecompluhed by that meona, 
whicb l«ad« to oompkrativcty hot top and mora or Jeae \%]atilim- 
tion of lead- Rniurtim hy lUutHin niamitide w the ideal cuntli- 
liuii for lie lend fumiLRC- It mciuis kcoping itie lone of Lncai^ 
dcac«Qce low id the charge column, Ic^Aving plenty of nxim above 
for the 0u*CB to yield up thtnr teal to, and cxeroiM tbcir rcduciog 
power 0D» the deaoending cha^e, ao that by tbtr lime they c*oapc 
ihey will be well-nigh apent. Their volunie nnd t4fmptrAturo will 
be diininiiibed. arid the low velurily <if their cx\t will tend to 
nimftiiie the loaa of lead iu fiim<^ aud Hue dii«l. 

The i<iea that high temporaturca in lead bLn^t furnaces should 
be avoidod id baaed on a miaconception, Tcmpcraturoa mual 
axiat which are ^rufficienily high lo vo!atili:eo all th« load in the 
^^«har|ce. If fithi^r romliti<»iiM penriit A lii;^^ temperature before 
^■ttie tuyiTitvi nicaoH faat anidtins; and font smelting; under projwr 
«Ooditiofi«- rneanj a shortening of the timfr diiring which t\ir. Irjul 
ii Bubjcet to ttcorifyirxR iind volatiliimjc infiiiencce. A rapidly 
dcMcnding charige, conHlantJy replenished with cotd ore from 
abovo, abaoriw efTectlvHy the heal of the giuG^ and &ci8 m a 
iDCVt efiicionb dur^t nad fume c.-ollectQ!-. In ronxJdering lon^ fliitw, 
bag-boiuiee, etc., it nhoulil be kepi in mind that the looat elTeutive 
dUBi eoLkctor ouicht to bo the furnace itself- 

In tbe pnetioe of twelve y««Lni agi> and earlier, purtieulnrly 
when using mhced coke and L-harcoal, nntiiirtlon by carbon vtaa 
obably the rulcj and the )jert!etitage of fuel rec|uir«d win vi*ry 
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hifth. Ttinr^ la gnrKl ruutoii to tbink v:c Uavt aliU much room 
for improvement alons tliia li"*^ in oiJr avfrra^o prii'i-tico of today. 

Volumi.^ of Want. — It ia (ualoiuftry to supply a bfiticry nf 
furniu^Qi from ft large blast main, oonnecied with a number of 
lilowirm. Innjuiiutrh Aft the air will hike preferubly Lbi.' Vmt* 
»r Iciisl rniLTitAm^v, If (he iniemul itiHmtaiiOA of »»> <nte funiaer 
be incrciir«:il tlic; volunie of oir il will tftko uJU be diminuibcU 
AiitJ the oih^ni will be fuvored unduly. Only by keeping; ull tbc 
fumEioon oti upproxiniiitoly the aanie chofge, witb ihc imm** highr. 
of Kmoilirg t*olutiiiif t'ltn uTiytbirtf^ like uiiifurmHy at oprrntinn 
a:irl iltmr rqculjLtujii br* HPcurciJ- The ratiunul plan ntiuld nt^-m 
10 be to hnvft n ncpaniU- blower, of vjtrmble apeed. dirootly con- 
iKK^tcd to eueb fumuce* but tbm p\ii.n. wliitrh hiu^ hmi a nURil>cr 
of triiilit^ hua uiUEiHy liecn abjmdoiif>d in fuvor of thu eommon 
blast Jtmiii- TrUlK by iiiysHf, Mvieridin^ owr coojiid^rAbl** 
pCTiodft, Imve hnni wf uniformly frivnnUjIc, liowm-tr, thwl I am 
forced to nAcribc the failure of others to s^nic outnjd<r rcasoji. 

The peculinr atmoe^phc^re required in the lend blru^ furnace 
depondu upon thr ocirroct prtjporiion of two efnintnraf'tivo ele- 
m^ntfi, carboh und oxyRrn. If given tuo murh :iir th(* furnace 
will nhow Mgikjt of dctliripiil irdurtjnn, rontinonly interpreted sa 
calliug for riom fuel, fthich hill bo *lic-r?r vraale ftince Atf* <d>jt«l 
ia to burn up Aurpbrn nir, There will bo an additionul w&sic 
through ttie oxtra coal burned under the at«ani boilere. Th« 
tnio remwly would bo to eut down the quaiitiiy of air Burning 
up exemaive eoko U n» h»rd work lui mtHliii^ rire Too mueh 
fuirl iuvaj-iably alows up a fuitiai?e: it alao driven llw fire upm-iml 
and pvcfl predominance to reduelion by «olid carUjn. The 
maintenanco of u uiiniTtnim fuol porecntftj^On w}lb n corrcrtly 
adjusted volume nf air, will t<?nd to promote ihe conditions under 
which iron vvill 1«f reduced by the gasos, r^ih^r Lhnn by solid 
c:arl>oi]. 

Prrsnurt of Blast. — Prteaure nceoaanrily iTiv<»]vca resistance; 
and the bbflt-prctfiuitj. aa rcfiiatcrod by a aunple mereury-cage 
on thtbudilfrjupe.D^ay be increased b I wo \viiy»: ti) Hy increasing 
the volume of uir fotted through the iiitenticest in the* charge. 
ThiM in the wrung way; but. uuforiunately,iL irtonly ti>ocrmmon In 
our practice, and therefore deeervee to be men1ir>ned* if only lu 
be cxmd«mned. {2} By leaving the volume of nir unchanged, but 
ItierCflJiing the fridion offered by the iulirHtillnl cha&nels, edther 
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b^ making them famslliT m a^;^rrgHi^ c-nvff-Kprtinn (tithirh mrariK 
aHoer cbATge),€r by ui&klii^ thcin loii£cr [Aliich ntf^na a bl^her 
smeldfiK coltuan). .V correctly jEnulooicd tniemal resistance ie, 
therefore. ih« only truo boAie for a high blft^ riimac«, whichi 
vliea M produced, vill bring about npid smelting, a low sooeof 
bieAiideBt«5ee. ^ad & very vigorous aciion iipon the ore« by tho 
gsMn tn their retanleil usoent ilirougli tbe clurge coiamu. Tbem 
rondittOM promote the reduction of iron by CO. The adiviBtmetit 
ot intemft] rc^atBDce, vliK^h Le thus olearly the num factor, ciui 
bo ftoeomplished only by the correct feeding of the furnaoe. 

Ftnfin(f the CAjiryf- — It iiv self -evident thai, t1ie n>ore ihor* 
oiigli thi* preliminary prejjanifiun of the t^li&rge beftire it rent^hRai 
the xont of fu^oit. the mure rfi|>idly ciLn the aotual smdtiii£ 
procood. A piece of mw ore tliat lirHJB ilddf prematurely at Iho 
tuyerfn. without baviiig been subjected to theuflual prepuniiory 
pmtreMcm of rjnirif;, he»lrnfc, reiluction. etc., iiiufll reiimiii lli^re 
until it U ffriuliudly clifvuflvii] or (.-arried away niecUami.-Ally in 
the aiag- Any such occurrence uiuat greatly retard the pnH-Cf«, 
It nxmld Eie«m. by the itaztie reiisoniii^, that nn i[iTimiiit> rm?Eiure 
of the mgredicnls of the charge r^Louid eji|>edlte the i^TiieUinic, 
ftnd I oflTOcate the bitlin-^t^^ mUlure of the charge Uigrnlient« 
in nil ematrv. 

The Uucor^' of feeding i^ simple, but not m Ihe i^ractioe. If 
the ehAiKo column were coitipu^ed of piecee of Unifomi tatio, the 
ueeodif^ p^mm would find ihe channel of \&asi reamtAnce olo«e 
to Um! funwcc walb ajid would t&kt it pn^erably U) tlio cctilor 
of the nhaft. The more rvelHcted cbaunel w'i>u1d nenfMitHt^? n 
fiighcr velocity, ao thai not only wouM the center of the charge 
be deprived ai the aoiiorv of the gfLsea, but uIbo the portion trav- 
eraed vould be oserhented; many panicles of ore would be 
Hintered to the wnfU or earned uff tat flue duM.; xUi^ would form 
pfcouturrly > fuel would l« waiited: in »hiirt, all thr [rrrgularitiee 
and loancfl whkb accompany over-fire would be c:<pcricncod. In 
prftCtiee the eluirpe u never uiiifonn, but \» a mixture of coajree 
and fine. By lodging the fmer maieriul elojte to the walls and 
placiDg tlte citanwr b) thi? L-t-riEir. an iLiljtii^ Anient, tuny be made 
wlucli will cntiae the gaan» ti^ AM%nd uniformly throjgh the 
Mndtrng column- A furnace top emcktiLg quietly and uniformly 
ovcf Hm whole Aftft ii tbe visible ni^n of u proprrly fod furnace. 

£jfeai e/ Lafge Chargm — It huii frei|ue&Liy been remarked 
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that, within ooTtnin llmic litrs*^ chftr]gr^ give moro fftvwabW; 
multii thuh JiULul) onw; i^mi nunim\>UA nttomiJl-n h&ve been ma<l« 
to accoUDt for thi« fart- My observations Inid me to ufTex the 
following as a ratLonal cxpUnalion — at (cost in c&soa wLcre ora 
and fuel are rhar^ed in ftlt«mj^td layers. Large Dre^tiarcc^ mciui 
coiregpondingly Inrge ftic^l-chargi^. The gn^ce c&n pnss readily 
through tlie coke; and hence CAch Tuel-stane t^iidfl to equaliu 
the goM currents by giving them auothei opportuuiLy to dmlxibulG ^ 
thooiatilvcd over the whole fuTDacc area, vrhile «ach layer of ore I 
Bubaequently oncouiitorod will blanket tbc gaaw. and compel 
them to force a passage under pressure, wbjob la the maiifi«ir^ 
mofct favorable to elTecLJve chemical action. H 

III inechauJcaUy fal furnaca* tlie diargea of or* and fiirf ttte 
ujiually dropped in gimultitiieoii^ly from » car and thi; «cparat« 
layera tbuB obliiGratcd, and tlio diatributiog zontb which arc 
such n safeguard against the consequences ttt bad feeding arff 
lac'king, hence iTture care oiu^l be exercUed to Ht^'urc proper 
t>]a(iirig of the ctiaiiie and fme matentil- TUin may throw n>tn« 
light on tho failure of moal of tho early attempta at mechanical 
feeding. 

AiKhanicat Charadcr of Chort/c. — Very ftuo ehargefl bbudcct 
Uie gaaea excessively and eaujie them to break through at a few 
piiihib, forming bbw-holea, which seriously dijitnrb ths operation, 
cQUflc loGB of raw ore m the alng, and are nccompanicd by all tlw 
cvila of ovcr-Jire- A charge containing a few maaave piecj«, 
the reel being fine, is a still more unfnvorablo combination. A 
very coarse cha:^ pc-miLif too rendy an exit to the gases, and in 
tJie end Inendfi likewise tu over-fire and poor reduction- The 
remedy ie to briquette the fine ore (thongh preferably not od of 
it), and cniah the toanw to such degree oB to approach an ideal 
result* which may be roughly deacribed os & nuxture in whioh 
al>out on<kthtrd ia composed of pieces of 5 to 2 In. in diamHcr, 
(]n«-thirrl picnra of 2 tJ> 0.5 in., and thf» remaining third fn)m 
0.5 irr. down. The coke ia bettor for being Aomewhat btuktn up 

)tc charging, and a reasonable amount of coke Unes, ccucb sh 
iUually accompaniai a good quality of coke, ie not in the least 
detrimental. The comrnon practice of handling the coke by 
forks and throwing away the linef< is to be condemned oa an 
UDwananled waste of good fuel Tlie e)ng on the oliai^^ nhould 
bo broken to piecea at moat K io. in diameter. Tiie c»minoB 
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|ir&ctice of tJitoitiftp'. in wbole huttA nf Mag'slienB ik Ijnd. Tht^re 
ia no economy in uaing the el«g hot; cold choker, not hot> are 
what wo vvADt. A reoaoDable amouot of cnoisturc in the charge 
iB benc^uJ. prov^dinjf it bo in jtnch fcrm &s to bo roftdily dried 
out. It b often &dvflnt»gcati» to w(*i the oro mixtouroB while 
bedding them, or Co iprinklc tho charges before feeding. Tfae 
driving off uf this water miut cooBtjmc fucL, but not bo much n^ 
if the Atneltine zone crept up, Lar^c doacA of water applied 
directJy to tho fumaee ara unpardonable under any eiroumataaoes, 
ho««ver, though they ai« somotimee indulged In as & drastic 
loewure to iiubdLie excfsalve over-flra when oltier and surer 
iDcaiu are not recoj;ni£«d. One of the chief merita of inoderato 
aprinUiDg before charsing ia that it gtve& in many ca^fv a nioro 
favorable mecbaniiGal oharaoter, appro xiioa ting u lumpy conditioa 
ID too fine a ohaigo, and aviating to pack a too coan^ one. 

Oiffermi BfhavioT of Citarite and Finr Or*. — In taking up a 

Ahovftful of ore. the fin^ vdW be c>l^ser\'ed to predomitiAto iti the 

bottom and center, and tiie coaroc on the top and aidc6- When 

thrown from Uie libovcl. the coarse will outFftrip the fine and fall 

boyond tt. In making a conioal pile the ctuuse oro will roll tn 

the basw, leaving the finy ntar thu apex. This diiTerenee in the 

action of (be mobile course ore and the sluggish firm i» the key 

to the practical «id€ of feeding, both rnanuiU and mechanical. 

it ia fkot iutficieot to tell the feeder to throw the coar^ in the 

^ middle and tbo fine againjit the siJes; if it bo easier to do it sonte 

B other way auch tn«trurtions will cmint fcir little. The devircd 

f«Mllt can be bnt aecurcd by making the right way easier than 

^^Ihft wmi£ vay. 

^B It ia generally conceded that the opon-top fumoooe, fed by 

^Fliud tlirou^ a alot in the tloorplatce, do not give as satistaotoij 

H nnilta aa the hooded fumiieEs with long feed-doora on both 

^■cidCB* In the open-top furnace it la comparatih^ly difljcult to 

Ihiow to the sides ; the oarrower the slot the greater the difficulty. 

The major pari of the charge will drop near the eenter, making 

tluLt place higher than ihe sides. The fine ore will tend to stay 

where It falla, wfatle the eoaree will tend to roll to the sides, thus 

leadh^ to an arrangement of the charge just the revarse of what 

ii ought to be. In the hooded furnace most of the material will 

naturally fall near the doon, causing the sidce to be higher than 

the ceiiter toward which th« eoaiae will roll, while the foree of 
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tbe Ihrow jut the i>rf> iH HLovel«d tn will hImu huve a lrnd«i>cy ti> 

On^i; A prupt^r balance of conditional h&A Jtccti foUDd, alMoluta 
rc^uturtty uf routine? m thu eecret ul good r^isiihti. An CAperieuced 
nbd inteUigMK le^or owoi hta merit to hb cN^iuricntiouA repulant/ 
cf work. He nmy hnv^ u» vary hin pm^rufit mm^whai iiben 
he rocountcm a furnace that ui suffering tram Ihp raiiilfA of biu) 
fccdiiv by A prtdccensor; but his ^aiding principle is firat to 
rcritorc rtfiitliLrity, luid thon mniniAin it. A poor feeder c&a 
bring iibout^ \a u tiin^tL^ Mtt. diaurtl^nt thut wfH rt^quirc tii&dv 
days t" oorrei't^ if indefti iht'y itm rtimn-itxi *T all duhng the 
campnign Thi^ peiT^mnl rlemcDt i« productive of more hiinn 
than goorl. 

yfrckanicdt f/fdmf?. — If it bo ndniJti«d Ihst (he ^ork of m 
fooder is the boiler the more It bpproxitniitee tbe rov^ulanty of 
that of H miu'hhii'H it ouK^t to bo d^imble to etimJD&te the per* 
MJiJii] furtor rrtlirrly nnd ilrAi^ct a mn<-\uiu' for the porpooe, whicli 
would be a comporntively simple matter if ii. be knovni junl 
wlmt \vc want to urtomplisb. No vulid ^roui^d qow exists for 
prejudice a^ain^t merULLnicfil foodin|z in Ictid emclting- It is rti 
Btj<-04»»f\il operaiion in a number of larpe workK, Bind m bf-ui|- 
inatalled in othent. Our fumncea bn^<r our^cruh'n the Mhovd; w<> 
tinre |>jl««<i1 the liriil ai t-nu'ii*ru:y erf ihff old ini^tluidfi iif hnndllTig 
material for them. We imiHt conie to mechjinifdl foodinji in 
spite of oumclvcA, lint wbuteverr imty be tbc motive Icodir^ to 
itiE introduction, iltt chief justifictilion wiJ) Itr (iiisccvered, nfter it 
ha« l>een tfiifrr^esafully iiifltBlled mni corret'tty ^uljuiited, in tlie 
4Toiuw4iiimii ^n^nt ImprovemetTT iif ^eEie.nd ofiemtinj^ rusiiti:«. tnffta] 
saving, etc. It will remove one of the moxt uncertfiin factoni 
with wbicli the mf-lttllurpist hns to deal, therrbv hringtrtii itilo 
cjearer view fur Atudy und regulation the <jlhcr fuctors (fuel nnd 
blsHt proportion, tflug composition, etc.) In a way that hau hsnily 
been pueeible under the iiTegultuntii*s comwcfueni upon haml 
ffttding. 
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KECHAinCAL FEEDIHG OP SILVER-I£AD BLAST 
FURNACES' 

By Abthur S. Dwigbt 

(JuuvT 17, 1003) 

Hiatorical. — A Bilver-Iead furnace fed by me&OH of cup and 
cone was in operation in 1S88 at the works of the St. Louis Smelt^ 
mg and Refining Company at St- Louis, Mo,, but it is probable 
that previous attempts hod been made, since Hahn refers (*'Min- 
eral Reaourcetf of the United States/' 1883) in a general way to 
evpenments with this device, which were uneuccessful because 
the hest crept up in the furnace and gave over-fire. At the time 
of my visit to the St. Louia works (in 1888) the furnaces were 
showing signs, of over-fire, but this may not have been their 
characteristic coniitioo. A. V. Sc^hneidcr, who built the St. 
Louia furnaces, afterward erected, at the Guggenheim works at 
Perth Amboy/N. J., round furnaces with cup and cone feeders. 
but although good results are said to have been obtained, the 
running of refinery products is no criterion of what they would 
do on general ore smelting. 

Cup and Qone Feeders. — The cup and cone is an entirely 
rational device! for feeding a round furnace, but is quite unsuitable 
for Feeding a ilectangular one. Furnaces of the latter type \vere 
installed for ccjpper smelting at Aguas Calientes, Mex., with two 
aetfl of circular cup and cone feeders, but disastrous results fol- 
lowed the application of this device to lead furnaces. The reason 
is clear when Jt is considered that a circular distribution cannot 
possibly conform to the requirements of a rectangular furnace. 
A more rational device was designed for the works at Perth 
Amboy, N, J. 

P/ort Curtain^ — About ten years ago some of the American 
amelterft adopted the Pfort curtain, which, as adapted to their 

■Abstract of a paper ("The Mechanical Feeding of Silver-Lead Btut 
FunuoBs") praaented at the MsKiceji meeting of the Amencan InAtitute nf 
ITmbtg Ekipoeera and published in the Transactuma, Vol, XXXU' For the 
fiist portion of thia paper see the preceding article. 
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requirements, conaJtited of & thtmble of «heet iron hung frcim th^ 
irciD deck pl&tce »u ua U> Icdve about Ih b. cf apace betv^TCa U 
ftQcl ttie (urnAce walla, Uiia epaco being connected witb the dovrn* 
take of the fumooe. The thimbJe w«fl kept full of ore up to th« 




fVH 3. - Perth Arohoy, N, J . Lead Pup- 
Vurlicnl •cctJOD al lighl ikn^jw to 



Ttia il^iM wii« popular for » time, chiefly l^ddbi^ 

Uh> lUnuMw irom Ktnciking nnd rltminiahed the labor 

-■' U wHtf found to give Imd rotutts in tLe fumatrev, 

^iU> lo ikbtforvc bow tbo chaise ^uok (except by 
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dropptfV it Movt the thimble), whils tiw ^urt^in had t« be 
rtsioTed la order to btf down Bceivtufut, and, n^rmt impon^nlp 
n MUied Imgltkr funiUff «mrk and hi^h iduCaI iDcnm, bcraiue tl 
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Ttrhttnt Grating*. — R. H. T«Tfaiine d«dgiMil a dovicQ (UnSUd 
Bl&tQ» patent No. 5$&.2D7, Jime 29, IWT}, wind] coTnpriA«d tuo 
^rift^lifri, one on eadi Eide oS the TumACC, j»(opio£ donnuaiij Tmrn 
tric*4Mlj-eof tbecbarge-tloor U>w&rd Iheceotcr Uoeof the fumjicc. 
The ban capered iowatcI the eeoter of the funuee, the open 
»|)a(.'Qsi Ltt|>eriTig nMre^ndlngly towiui) the aidctt, »o that ak tho 
chftTge v/oA dumped on them n cluniiicatioa of coihiBe and ftn^ 
would be effected. Tlij^ doke i:* correct in eoDocption. 

Fuc^ Syttem, — in the rvmcdeltnf; of iho plant of the Pueblu 
8in?Jtln^' nnd B^Finihf; Compufiy in lSfl5. tinder the directinn of 
W. W. AIli'Ti, mwhunlnil f**e<linR wu* intrHim-iyi, »nd the ttj-fslwn 
wiu the firKt one to be ^ipplieil Mtcc«wifiilly on n brg© Anle. The 
furnncci* of thin plant urc <M)x 120 in. at the tuyeres, ^ith six 
lu^orcs, 4 in. in diiitnctcr on cuch Mdc. Ihc noulcft (water cooled) 
projet-tlng 6 in. jnj»id<f the jnckoU. The bight of the ameltij^ 
cohinm nbovr? Ihe tiiycn^M !■ 20 ft- The gUM are lakm off 
MouL' th<* ohjir}civ floor, iimi thn fiimjicp fo[iM ntv closed l>j hJnfed 
aiui ix)Tmler-\tci;£}i1rd <loon» of hcAvy sheet iron, opened hy the 
nUf'ndant, juBl prcvioiirt ii> dimpine the charec-car In the aide 
y^tiiitt of ih» shMt nre iron dot'f-frftmce, ordinarily briciccd up. 
hut K^^i'^K ftcccea 1o the shnft for repairs or burring out without 
ipterfurlng with the inoveriient of the Hiurgcvmir. Kxtendbic 
Hfnun the nlmft. alxfut 1ft In, above the iiornml st^tttk line, utv 
(hreo A-rhhji«l i-^iflt-irun ticfieciora, dividing the nrca wf the 
Khuft into fcmr eqaul rotliiii^lee. 

The Ren^^mt arningcuient of iho plant i« ahown in Fig. 4* 
Vratn lh(» ehjirKe-tiir pit there extends an Int'llnod trnntle, on 
nn^le "f 17 deft, f" ^''^ eh^irge-flnor \v\v\, in line wilh tlie battery' 
of fumnrm. The gug^ of tlie truck 1e< npproxitnntrly irquaf 1» 
the length of Ihc furnaces at the top. The eharge-car. actiintnl 
hy a Med tail'r<>po, moven sidewuysi on thi* tracit from tbe charz- 
kig-pil lo any fumuce in the Imtt^^ry, The hoi^ling dnmitt nre 
hu'iiTeil 9iX Vhp crt^l. of iho. ihrlirii'. inKirlr nf ih(> fiiniarf* building- 
\{ lliB far pnd of Ih^ Inltrr th^rc ij* a li^hf^ner AheHvi-, with a 
iveighl lo keep proper tcrHion od the tail-rope. The t'hargi>car 
Itaa a capQciVy of & lone. It hfiA an A-ehapo bolfumn and i« 00 
anaaged that one attendant tun t|oickty trip the bolt and dmeharge' 
Ike ear. 

WhUe the car tn ma):mg its trip the cliarge-wheelent ara filltnc. 
tUr bttgpea, vuoikui^ In pain, each toau i^eighin^ up a half* 
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cb&rge of a pnrlioular itjjiredicikl. Th«y th«ii ^cpant«. Cftcb 
taking his proper place in the line ol ^vhodcn oa cither ndc 
Wh^D the iinr hiLH ri'tumnci, the whcelcn vucc«ttivo1y dkchtrg^ 
their buggi<9 into opposile eruht iif tli^r car. The coke i* addtd 
last, tn BvoitI crushing. The nyMcra l» not fflnrictly econotriraJ 
of labor, »ldc:c the wheeler?* who must always be rcidy for Ihcir 
car, have to wait for ito return, wbi«h DoccnitatM more whc«lcT9 
thaa would otherwise be n>C|iiirRd, Fig»- 5, ^ und 7 thnw the ear. 
A vertk'fti ^eclion through ihty ^nr fillwl by dumping from ih^ 
two entid will show an arrangemenL nf eoiin^c and fire, whicli U 
far from re^uJar^ AnalyElng it« ^ructurc, we ahall find a conicttL 
pile aear each end, with a valley bctwoon them, in whkh coane 




Flo. 5, — tHieUi> Chftrt»-o»l-. {^dt «ltvatiaD.) 



orv will predominate. Tbo deflectors in the furnace, prevmiii^ 
referred to, serve to «(;att«r the fines w the diarge is dropped in. 
Withotit them tho feeding of tbo furnocc would be a fiuhire: irith 
tbein it is sueeesifu]. though not to eompletcly as might be, Ihr 
fuman^M Imving ii tt-nditncy to run with hot lop«- Wtlb lb* 
bnttrry nf ricvcn furnAC-fv, ratrh nmdt.ing an nvenijEc nf 100 ton» 
of ore per davt the «vvin£t as compared with hand-f«^inf , wa4 
103 per day, or 9c. per ton of ore, tbis indudini; ccct of itoain, 
but not wear and laar on the mo^incry. Tbi« \$ disilnHty a 
maximirn flgnrc: with fpwrr fumnrw (he fixwi rbArgm ni tbr 
mechanical ff*ed vouM wion inc.rcase Ihc ro^c per too to well « 
figure that the two ryvl^ms irooild be about e^uo] in economy. 
£m( fidtna Sy^Um^ — This vra« introduc«d at tbe ^«t 
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UUO SMELTCCO A5D U7CCZBU 



Brfoaft phot td iW Cfttud fiwpltiic aad llpiBim Onmpnj bj 
O, W. Bmm, Tbe phot tPB|KMii §om Icsd hmAMv, eacl) 
4h X ia6 ia., vtth s 31 ft. wftrhg Mtanam. nc^ ««r »|] opcb- 
lof fvniftew, f«d t^nra^ % 9kA ortr tbe eater, thm gMM bang 
tftk«ii ofl briov thr floor. Thty ««9v f*piM# itf mding about 
IMft lona of chmt^ (cm ftttd Ihtx) per 34 boom, wi&c a bbst of 
30 lo 48 o».. fwniihed bjr t«o Alfii dvpkx, honaatAL pMoti 
biowen, cireyliDdcfi 36 id. di^Ok.. 4^^ jUqId*, facil«d bm 
dMUM tryototr- Tht flixon fMd ws« Amiffimi to »••« «3cilCtiiK 
eoftdttloiii, vntKoiil irrwonblj «iitl^ off coavwttti r«liim to 
bAad f««£iig in ^MP of an emnsency. As sbovn m Pig. 9 ih^e 
m a tnck-wmy ftt ricfal mnfiltm \o tbe line of funMcee. tbe cu 
bobt ed up lh«r mf^Hnc b Uit<icd oo » trmorfer mniee, od wbkb. 
aixoi detaching th« <.'ja>Ie, K cui be moved over tbe top» of the 
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CBmUoomI diagnnu of funun lap.) 

by meiin» of n tail-rope system- Tlie gage of tha ch&r^g^ 
f«r ^4 ft> 9 tn.:of ihe iriuiafer c«rnngc. II ft. Sin. A ewil^h st 
tbr kiewr «kI of th« incline p«rmtta two irhArge-c&ra to bo em- 
i4k>ml. one beinf; fUtod ^'hite ihc other b makiDg the inp. la 
dpiUiy dcnro tTie empty car a hand winch ifi neccewuy to start 
ftflvMlbetmo^^mrrinffe. Mg^. lOiLnd U shew thecbafigfr-CHr: 
f^ tJ tbe tnu»>fiT (^ttrria^iie, 

tW cbotfe-car ct 10 x 4 i 3.5 fl., ami htm rapttrity for toiiH 
^9«ei tiM. ab|C vkI fuel, the lolal i>f or« and fiux being iKauAlly 
iSQWHk iu bottom i* Hat, (*OEHidtinjc of two doors, hinged aloiic 
tf^ «Aq« ttttJ kept rioeed by meuriK nf ohains wound about a 
i^^--.H.*,j «UMllaM on top "f the car. The chargitiff pits 
^^ »tib Uva plato, leaving a dot along the f-enier of 
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e&rh WIT exactly liko the v\ot in the furnHcc top. Th<> toftdcd 
urtvbiuiEi^ are taken from iho wheeJers by t«o men, who raw- 
fuUy duthbute tb« conuat^t i>f each buggv along the 14 hole length 
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of the charge-^ar by dra^ffing it along th<f nlot Vp'hil<» in the *ct 
of <]umpin|;. K:ic"li buggy mnUiinf* Init ono ingnvlient; tbey 
follow vn*^ nrolht^r In a prPTtcriLicd (iniur, Ptt jut f,ii wcure thtn 
layen in the charge-car. The coke is divided icto t1irc« or 
more layers. 



Drai* 



D^o"' mPiafl 




TJic first few IrialB of this d<Tvii>c wer« not. paliflfactory. The 
fum&cce quichiy showed ovcr-firp, and dccreiu-ed load output. 
which would not yield to any remedy entept a return lo hand 
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t£AD SUCLTIXG AND REI'DIING 



foodin^^ The tolul charge btuig dropped ui the c«Bt«r of 
funitsi e, ^ L-eniral core of fines wae produced, the }uiup« tnulmg 
lo ml) low^ud the walk This wroiig t«iideikc>- wtto tmpfijvtitni 
by th« prteGQCQ of the cbnlni) dupportkig ttie bottom of the chju^r- 
aAF. On UDwiodiog tbcm lo dump tbo ottr, the doon were pre- 
v«nl«d froin diopping by the v^edgti^ of the ehttint in tbc cha^e, 
which m turn an^hetl Llftelf mure ur 1«wi ftj^iin»t (he iiidw of the 
OAT, hiTtii^u the dmirn ij|>tirm} but nUiwIj'r and nfLtrn hiid to be 
MsintO(i by an attendant with a biir. In conwqucnce of thb 
^ow opcniTiK. poiiaidurikhio fine ore niftcd out first and fonned » 
ridgo 111 the center of the fumli1■(^ fn^in the slop<^ of which the 
coarmr piirt of the i^h^irge, the Irvsl to full, nutumlly mlled toward 
tho «idiw- Thbi fart, delonninod dunng a viait of the writer in 
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ApnI. ItW- proved to bo the key to the ^tuation. The &tt4»idatit 
onentiiV thf tttU-rope mechanUm was injtiniotod lo move the 
ll^,mffw cHrnA^i.^ rajJidly b/icKwuid uiuJ forwurd over the slot 
flldle ihe ft"' orr-third or oue-Juif of the chftrgc was dropping, 
■Ad Ainr^ **"■ "*^ '^' ^'^^ diechai^e to let the cor atwid directly 
ikW Uiv ^^ *"^ permit the coarser mutonal to fall in the center 
^ tW furuAce^ Tvo pile* of comporntivoly fine material were 
thw Wt on the rhiirge-fli^'ir, one on e«th puhi nf the bIoI. Tt<«e 

■ram MuboMVeolly M in hy hand, with irmtnirtions to throw the 

nrterial ««U to the sidw of the furnace. 

Tho fttTttftM* '^'^ running very hot on lop when thia luodiiticd 

ijjji4iini WW b«iin. In "* *^^ hcmrs) th<i over-hre had disup 

|4Ji«w ^^ imipul wa* inrmwing; and the furnaces were 

' a*niaUy. Th» WW* *'**'*^ about May 1, 18Q9, and from 
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U«i Uoie until about Febni&ry 20> 1900, the Hixon fc«d, m 
jM^tfied above, wu£ continiiou^ty iti Q|irT»lunt, In O^lohrr, 1899^ 
K)tl[ thn« fuTiiacea in operaliou &nd hand fccdinjc^ the \tihot cost 
per fitmace y^va %43.0G per day; in October, 1899, vith Ihc same 
aomber of Juniaooe and mocbonJcol feeding, it waa f4l per day, 
the iaving b«lDg only 0.6c. per Ion of charge. 

Dunffht SpreadtT and CuHaitu — In January, 1900, tbe writer 
^ain had iK'rzi^icm Ui vihiI, 1)ip Kju<I TlHerm plnnl. Ur invt^ti^Ate 
why a GCrtttiit rhcup Itxal cuke cuuld i;ot lie u»ed auii^t^BfuUy 
bsicttd oi G3ipeumve Ea«t«rn coke. Btraase ae it may eeeni, tbe 
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Fh>, 13- — Eut nckuA Charfc<ar itod Traiufcr Churift£ti. (Lh^vallun.) 





pcoutiar behavior of the rokcn waa tracc<i to improper feeJing 
of thcfumacee. Fijrlh<irotudy*:»f the mcchacicfll feeding flVHtem, 
th«n b opcrutinn famine months, showed that it was far from per- 
fect, Mid it ftppcan»d desirable in dftsign a spreader which u-ou1d 
properly dwt-nhuU*- tlie mulrrid diac:h*rgc<;i from the Hiiioii (!ar 
and dispcojtc with hand Feeding entirely. An cjcperimeolal i^oii- 
etruction woa armtLf;o<lf tia ahr^wn in Fig. 13. The f!ajigoil caflt- 
iroD p1atd» around the feediog alot were pushod book ind a 
roof-«baped epreader^ with kIojiojc of 45 dt^g., wwa wet In t)ie gup, 
IcftTiiig openings about 8 in. wiflc mi mch sidcT The ])Ian pro- 




1.BAD SMELTT?^f AffD REPtrflNQ 

viderl for two IroD curtHJTm to 1>f? hung, one oa e4c-h side 
thp aprcaderp And flo adjuat^ ihaC the Hue ore sliding down i 
0prcfbd«r would dear ilie edge of tlie cim«m And tthoot tow&rd 
the sidcvf of th« fomioe^ wlulc U^e ccartiti ore vrould strike th« cui^ 
tain aod rt^bound toward the center of ihe furnace- The oloast- 
licAtinn i^fTi^rtetl in thU niitfiner vtns t^upuhle of ndjufftmrnt b/ 
nifling or lowering the curldaD. This iLfrongcnient wiu found to 
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work suipffelngly well. The fimt fumixce c<iuipped with K imm»- 
dinU'ly showed impruveineiiL U uvenigwl IwKcr in xpncn), wtLb 
lower t)1aftt. lower lend in -■lUg and iDatle, and belter liullton 
output than the other furru^cs operating under the old system. 
The Buocecw of the spreader and Rurtain boine cslabliabodi the 
fumteos were provided with permftnent const ruationa, the only 
modtftefttionH being that the rulf^e of the Kprrukd^^r was fowersd 
to oorrapond with llie Level uf the Ili>i^ and Lhc curtains were 
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emitted, tbc rccdii^ b^ing apparently ttti«fftCtory without tbcir 
Aid. la their ftbcencp, thr li>vi*JiQg of the «pr«Ad«r wtu n prof>«T 
AUp, n0 il dislribuifld the matpriAl fully m welJ, adiJ cftiuwl Ims 
Abnucion <if ibe wftlln. Tlie CiiaJ furai ts tAunett ■fipmximfttcljr In 
Fig^ f4' U hAj( xiYffn trumplec*? ttttTu-fBCtion mt Flajii HHpMMDoe 
February, 190O. iLnd h&A bc«n juloplod u tiie bun« for tbe mecbao- 
M«l fcixlinK device in the nevr plant of lh« American SaioHUi^ 
and IMiung Company at Sah Lake, t'tah, 

C^mjtarUtn of SytUms. — In mcchankiO dtmgn the PueMo 
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Flo. 11. - KMt Eld«iw Syvtom. (tiW fonn, 

approjufiuile.) 

Ifyi44!m j* l«tti*r than tbc EntA Hitlifna, iM^iig^ ttiii)]il«r in (vnuvtrur- 
tion and opcrutian. No time ia lo«t tn attachinc and chan^QK 
eabki^, opcrntrng trarutfer camuicc, etc. In both aystcm* tho 
Ctack runs riirci*H> over the lofii of the fumat-'^f and thie b an 
beoDvanienee when furnace repairs are tinder wuy. The Pueblo 
par X4 l.hr Mmplitr, und ntjikn thr trmnct trip in idirnit, hnlf the 
time of A ear nt floAt MrlcixUf .v> the tvro can» of the Inttvr do iRrt 
make ronch diRerenee in tbifl roqwct, Tlie aystcm of fining the 
cbai^e^car ut Fuoblo it ftlAO (lie quicker. \\ may be «atJmated 
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roii^ly thai jxtr (on of cupaAly it tnken 2,5 lo 3 times u loD^ 
to fill Ihc L^tvst HdfQit cA.r; nnd tfiia iiteAni) If>rtgerr vraitme oq the 
paH of the whoelcra, eind oonHiK|uetLtly greater cost of movinj; 
iho mfttorial, r«pr«setiting probably 7 or ^,, in favor of Pueblo, 
per ton of charge hati(il<^- However, both eyatvinK sxc wasteful 
of Ubor. Aa lo furnucc renultn, it is believed llxat the better 
dirtributioD of the choree m the Eiist Heleoa syntGm leads lo 
gr«*tly i&croMod re^brity of furaucc ninainif, leas tendcacy U> 
ovorGre, some economy in fuel, lesa accmtioaa on the funuce 
«-fiJU and Larger metal saviogB, If the half of theee eoncluaiotis 
ant Inie^ the difference of 7 or 8c. per ton in favor of the PueUo 
0yvleiu, which can be traced almoivt ontizety to the coet of Elling 
the charge^ar, sinks into insignificance in comparison with the 
Important advantages of having the fuiiiaoee umformly tuid 
^otnoily fed. 

Tnif Funttiart o] the. Charge-^Qr. — Tli« radically eHaential 
Icature of a tuechautcal feeding device ia that part which aut<K 
BuUioally distributee the matemt in the furnace, whateYer 
approximate meacB may have been used to eticet the dolivcfy. 

Taking a hasty review of the numerous feeding devices that 
hnvo been tried in lead -Hinel ting [iractice, we eannut but retnarfc 
the faet thnt (hose which depended upon dumping the chargp 
into the furnace from emal! buggies or barrows failed generally 
lo ioeure a proper claasification and distribution of coaree and 
fit^e, And, eonauquently, were abandoned aa unsucceesful, while 
the adoption at the idea of the 4rhG.rge-ear for tratiaponing the 
tnaterial to tlm fiiruace in large units seems t^ have be«^n ^aitMil- 
deol with a eucce^sfid outcome. It ts natural enough, ther^ore. 
Ihot the car should be regarded by many ao the vital feature. 
Tliia view of the queetiou is not, however, in aeoordoneo with the 
Inie perapectivtT of the facts, and merely limits the field of appli- 
ration in an entirely unneceasaty way. It muHt be apparent 
that Like eeaential function of the charge-ear ia cheap and con- 
raaieai Irauaporiation- The distribution of the charge a an 
«atinlj diterent matter, in which, however, the chai^-e-car may 
bfe iBMie to urist, aa in the E^ueblo Byatem; or entirely dietiitot 
tnd flpeHal meane may be employed for the distribution, aa In 
lt» Rvu I1r-k<fui KyM«ai. 

TVi lefcw tke aigviMAl to its conclustoo, lei us imagine for 
<1m «k««Mi M«i Ihi But Helena plant were arranged on the 
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ooe qrelcni, with the funiAr^ Wpe od a Ipvvd nJLh iIm floor 
(if the orft-lniis. Ccrtaiii pncMitiooa b^Aog obeenred* UiO qwndflf 
wv>Lild give a« good netths «itb auiJI uaita of dutce ckOvered 
bjr buggies ofi it nov do«e vitb the Urge tmite deivcnd by tbe 
cbaiye-ctf, snd Uis eacfMBM of dctiverj u> ibft funiMne vroi^ be 
piaetlailly no man tlum it now is to the dmrgv-car pit, Tbe 
furnace top wouJd, of courWr h»ve to be urnDged m> tlut Ibe 
bnggin, Id diechusuiSi c^nild be dmwn along the rioi, so u to 
ihre the nffrnmrf longitodinal disinbution pandid to the fnraaoe 
vaQsr jiMt as i« now done in filling the cbarge-car. The endfl of 
the Bprv^er, if built like a hipped roofj iroold secuie proper 
feeding iff the front otid b^ick. 

ThuB, by climJiiAting the chargc-ciir, and with it the nercity 
for powoful hobtlng nutchincry, with i(a expensive repaiiv aikd 
eperatiDK coete, we miky greatly dmpBfy the problem of meehaa- 
L^at fendinj;, iind tt]ien the way for thr adoption oS nu^ocHful 
bUttiitiaiic fRulljig in many fodflting pbuiltf where it b now coo* 
adcred impracticable. 




COST OF SMELTING ARD R£FI5IIfG 
By Malviirn W. Ilbs 

Id tlif technical lit.erikturc nf Innd itmclting Iban ifl ft lumt, 
ftble bck of duti^ en i\\t subject nf coats. The majority cf mltciv' 
tttwdor thM they have fuiftlled thoir dutitt if they di^cuas in 
Ml d»uil th« chemical onJ nn^neeiing Kid«e of the aubjcct, 
llftV^Bg thff indiistnjit conoid arntiiiti nf cost to be wrought out by 
«<q«nf-nr<^ Wlien an engineer or ni€la}}urgisl collects dnXti tie 
iteoosU involved in the vimouEi amcltin^ opcrfttioos, hegeoeraliy 
10 Rive this ifpe«-ml mforn^iktion to the public, m he 
il &« iirivute, or rcMirvcitf it s* stock in trade to be held 

The following tnMea of cogl ti&vs been oompiW from aetuul 
MmIu o( amellUig and mRning at the GIoIk- worki«, Denver, 
M^* ux' '^'^ oSorod in the hope that they will prove n valUAbte 
to llie litemturo of lead itmolttn^. The^ Kfiulte lire 
lenlntively, nnd. while true for the peritnia slated, they 
eovuridcrahle adjimtinent to meel the fiiielling conditions 
^ 1^ |iiwcnt time. 
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XL 6ivt thf n^Mlinx was done mninly by hand rooatere: later 

nfHvn-O llArra n>echftnical furtift<:<« were ueed, and the 

H^ wu wdoM*i. bul fiO* to *^« eitlMit uNunlly conceded to this 



lyperf 



Uie IftTK^ amount of rppAini and the connrv 

^ft A kfeM Mniiti«1ied the apparent gain due to grealrr 

m^ iMirf* ^w^*^ above may be corusidered aomewhai 

jji^ ^impi I* ihc roafilorw were charged in propo<^ 

^iitrr*"^ mwwigemeni, office, etc. 
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ta vteving tlm yeariy mlutttoo of ccvU oae musl Iflke into 
cnn jt'nicrmtiot; iiiAiiy chan^ in iht fun»c« oofifltniicikm And 

IBorkijig, Aa wttll aa the itccaa of bfcor, fud, «<U. FrocD 188? to 
iS99 the prmapft] ebtt&e«e in ih.t conAruotion of tho bftDd-roAStbic 
funuLCftt cosiftiflt^d In ftn Incmae of width, 2 ft., vhieb allowed 
AH addition ot 20(1 lb. lo each ore clwige, aod oomqwOTJed to a 
total incivajn per funiace of 1200 lb. m 24 boura. In th« working 
ci the diarKfi an important charge «^ made tn tli« comiitioa of 
tlw product- Kum3cr]> tli« nutl«:niU wab fuwti in the fuAoi^-box 
and dniNvn from tbc fumac« m a fiued or «lafg;&d eondition; and 
wbfllo thin gavr an exrdleTit miLteriaJ for tho 7iulHtiv{u«nt troatOMnt 
in tho vtiaft fiimaiw in that ihrsv. waH rpry liitlf? dujctin^ of tho 
charge, and a condidcrabk incrtnae in the output of tho furnace, 

BlikO diflodvatitac^^ of '^n^ tOMca of lead and Hilvcr ^iTOaU; over- 
bftloAOOd the advanlof^H and caDed for an cntiro ahandoimttit 
of tho fufticin-box- Ait a nvu!t of i^xprrinnc!!? it vra4 found that 
1h« bf^iT, ciin(ltl.i<in of prodml in a M-ini-futtnl nr mntemi ^atc, 
b vhich the particlcv of txnutod ore have been fompnsaed by 
pouodinjc the material, which baa been drawn into the alag pole, 
^ with a heavy iron (link. The amount of "fine*"' under theoo 
B condittoni i« t^uite nrnH] and depends upon the porc«nla^ of 
lead in th«< orv, the d'^re^ nf hpnt employed, and the extenc of 

»lbe comprcauon. 
The total coet waa partly reduced from the lessened labor 
cort following the ftnanciol dieturbiitice of J^U3, and partly from 
the reduction in the fuel eosl, ihe former expensive luinp coal 
being replaced by the slack coals fmm southern Colorado. 

The conipariMJu of the cost, of labor by t]it< lwi> ninlhorbi 
showfi a gain of 54c. a ton in favor of the rnei^haiLicai fun^acrs. 
However, 1 conetder that this f^atn w a voeily ono, and in more 
than offset by the large amount of hifrh-grade fuel requirod, and 
the expense of repairs noL shown in the fotlov-ing tuble. Indeed, 

II believe that at the end ut five or ten yenni Ui*t avera^p tiTaf. 
of roasting per ton by tlie baud roaaters will be even einallur th^M 
by theee mechanical roaelers. 
To illustrate the details of roasting cost and lo furnieh a com- 
parison of the hand roosters and mech&nical fnmaees, the following 
table has been pn-partsd: 
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ROJUn-hkS AND MFTIIANICAL FITRHACfia 
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Co9i of 4Sm«Wnfl, — Tho Icod-ort mixtureo of the UmUd 
8tat4ii, in oddilion to teftd, contain gold, silver and fc^Dcrallj 
oopper> tod &ro treated to save thefle iii«tals. The total ooot of 
xmdUDg b iTiftde up of & large nuvnt^tir tit henna. The questiocks 
of locality And imiiApurLziLtutt, fuel^ fluxtM i&nd hltor kto the 
prjunipat faotora, to which must ht Added the hAodliog of the 
material to and from the furnace; the fumocc iteelf, ito siie, 
ahftpe, and method of snieltin^, the volume Aod prenui^ of blftot. 
etc- The following table of eoats, from 18S7 to IS9S, Jihows ta 
jh general wny ttit- f^rtskt ndvAitce iliAt han been mode in the 
derelopmeDt of smelting, ftnd the eonsequent reducUon in eooC 
■tf t(»n of ore troatud: 
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AVERAGE COST OF SMBLTTNO, PIER TOK 



$4 Ml 

4.530 
4 4K0 
4.374 



IBOI 04-170 ISWt 



I8tt 



4.9oa 

3 37^ 

3,fJ2U 



1^490 
I»SI7 
1908 



12.780 
a.780 
9JDD , 
9J0O 



i-t »-%HittecUou with this table of emelting cost should be con* 
n^HHJUl ^ rtianftoi developed during the int«irvsl 1887-1889, 
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COHTDmONS Ol' SMtUTlXr, IN IW« AS'D !«« njVTftAKTKD TO 
Saow TB£ PBOCiUSS OF D£VEI-QPttllVT 
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F I bdicvfr thjU thire u room for further imprvn'nnefit hi tbe 
vdbititutioB of mcchAnkal ImmtnrUtujti within tliv works for 
hftod labor, vid that the fuel covi cau b«; niBt<-rial1y reduced by 
nepUcing the cokcr which Bt prtacnt conUinii 16 to 22 per cent, 
of ftsbr by ft fud of purer wid better quality. 

Ccw* ^/ Rffinir>g fcj/ Ite P^rto fVor«»- — Tn gMwrftI it m*y 
be stated tbn^ thr nvera^ roet of relimn^ btuv-. hullinn W fnwn 
t3 to 16 a toD, Thka lunouDt is bftsed od the cost of L&bor, spelter, 
cool, coke, supplier, repAUS Aod general expenses. When the 
additiooal item* of intcrastr exprevtge, brokerv^o tmd troatment 
of by-produ-cts &t« coDsiJerod, which go to Toake up the totfti 
refining codi, the Aniouol may b« stated approxtiDtttely lifl $10 
per ton of bullioii treated. 

VantktionB in the cost occur from time to iinie, and are due tn 
aeverftJ cauaoe. principally tho irregulartty of the bullion supply 
jomI lU conjequent effect on the work cf tJie plant. When the 
Amount of bulUoD available for treatment b ^nuU, the plant 
ttnntic be run to ita miuunuiii cttjiocily, luit} tht^ ciixt per ton 
will natunUy be increoMd. To iOuatrate this ranation, the 
Avemc^ coat per ton of base bullion refined during nine months 
1803 wiia: 
January, »4.864; rebnmry, 15.780; Mnreh, $6,024; April, 

■J3,01R: Mny, $5 094; Junp, $4J6S; July, $4,231; Aiigurt, $4.2lfl; 
September, $r..299, 

■ Tbe yearly vmriation shows but little chan^, as the average 

'cost per ton was for I8f>3, $4.75; for 18114, %Sm; for 18(15, $4.21; 
for 1896, $3.90. In considftring the total cost of tefintn^r the 
additinoAl fnnt^nt of intercut, «Kpr«»uige, parting, brokerage* and 
f^workiag of by-products mii"t hr- considered. Aa the dor^ itilver 
h treated at the works or ebowhcre, eo wUl the total coat be leav 
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<a groftter. The following tablo gives tho cert m <lcUu!, vhoD 
tl)« parting is clonR At the wune worlu: 

AVERAGE MONTHLY COST OF REHNING PER TON OP BULlKffl 

TRKATED 



J JH, n JflLT 



IMA 






AviUff 



Ubar 

SpfllUr. 

Co*}... - 

C^kt> 

}<upp]ip«, repaira und 
^vncnl cspci w ... . 

EaKpreMClAV 

Parting and brokcmgv . 
HAWorking b7-pri:idiictA 

TotfO* 

To» bullion rafiiLod^.- . 



0-757 
0.685 
0,044 

0.413 
1.K0H 
1 360 
3.183 
1.M7 



tt T18 
O.MO 
442 
0418 

273 
1.07B 

1016 
3.084 



0^9.07 



4at 

D5II 

1,070 
0.SS2 
TTOG 
1-025 

tOJ03rl3 



•1.W 

afVfi 
ixttt 

1^17 
LOSS 

L«3 

$10, lM 

«:^s7-» 



An AUHlyniti of the ilifTerent il.mitit of ro»(t la important, and a. 
tricf summ*r>' h given below. 

f^6or ancf Attmdarxf. — The coat for thi* item varie* but little 
from year to yoar. and its n?<luotion dcpeade, for the most porti 
on a Targer yiold pnr m&n r»1h^r tbAn on a rMuction of wAfSCS. 
Jf a iiian ai the w-ttip nr *i1jghtly inrrrased poel can give a I 
buL^ml. M> wiil iho labor cost per ton be diiiilmnhtyt TUIh n^tilt m 
accomplidiod by enlarging the furnace capacity and by ueiag tip* 
plianooe which will handlo Iho bullion and lia producU in an e4.ti(T 
and quicker majiner. The email eiae of Iho fumucesT wtlJera ami 
retoTtfl used at modem refineries is open to critlcUni: I b«lic\^ 
tliaL great iiiiprovement ctui l>e nmdo iii Lhu direct ion - 

SpfUcr. — The eofti of ihb 'nam vnrJwi with tht? market (?on- 
ditioriB, und will probabiy be chariRwl but little in the future, 
aa the amount jiecesB&ry per ion of bullion aecmtt to be lixed, 

Coai. — ^The amount required per ion of bidlion w fairly 
coiihlhiil. and while lesuetied nrrnt for fuel luny Ih< uilji:ii<*d by th^ 
substitution of oi] or gaaeous fuel, t.lie fuel ctint in comparJAon 
with the aggregate cost ia very smal), and Icavcm little opportunity 
lor improvemciLt in this lino. 

SuppfiM. — Thia Hem includes brooma, Mhovd*. wheel barrovrg. 
etc.nml the amount InannaU ami fairly roHMl lint from y^r to year 

Rtjmin. — This item is quite ninull in workM f^rtiperly con- 
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ancwd; loid m ihi« coiuiixrlioii t winh to frun [lartioiiliir iitt«ntloii 
to ihfi floor covering, which should be nuide uf cttat-lruii pIiUoi 
ftm 1.5 to 2 ic. thick> tincl ploced on a l^' to 3*in. layer of nnnd 
$prtad over tbo vtll-tampcd and Icvdcd Kround. Tbc coDJttAnt 
pti^hing ^ brick floors ia not only ui Axuioyftuco, but b coAly 
frwn the ftddition&l labor n>quire(l- rorthennrirc, ft hriok Rnor 
dott not permrt h close wtviiig of the mctnllitr jtcmp tiuitcriAl 

It will be fouEid ecoDonucal in the long run to pmt^ct all 
cxpoved brickwork of furaaccs or kcttlos with «hcot iron. 

in Che oowtnictjon of tho refinery biilHmg I nhr^uH adviao 
UM vrallA oxcept aI the ond or »Jde, wHpit Ihvrr^ U ihi? groateet 
lik^UbOod of future extenaion; here cnrrugntcd iron may be wad* 
Tbe toof Bbould not be made of comiiEatcd iron, a« oundefiMNl 
<■■ Ififtka^ Tftlflr is liable to collect and drop on thoee places 
•mhen water atiould bo scnipuJousiy avoidod- Tho prceonco of 
water In a mold at Che time of csjiing, ev^n though flniuU in 
■nMWat. wljl eauae explosions niLtl will ucattcr ihe ni<>hen l^ad^ 
ifndaitKeriiiK the vrorkmeiu 

The item of r«p^ for the ordinary corrucated iron roof may 
be diimniBhcd by flonslniotuig it of l-in. botirda with intervening 
■paceN of half un inch, ihe whole overlaid with tarred foil, and 
corer«d »4i!i aheet*» of iroa al lenat No. 27 B. W, C, piunt4x] with 
gmphitc! paint aitd joiiitHi Ufi^i^tber with [mralli?! niwn uf rihtwd 
oioiped iron. 

Ocntrat £xp«ruie*- — Thifl item la genereilly constant, and 
callft for no vpeoiul c^onimt^nt. 

JnUrmt, — ThU Important Iteni iai, aN a r\)\i>, r^oitsidcruble. 
RN tho at4)(^k of bitllinr ami f>th(T gc>UU iLnd Allvrr-tx^nrlnft material 
U quite larfEC. For thi* rrwion npf^nia! attention nhould be given 
lo prevent the acoumuUtio:i of niork or tjy-prodijcU The oi;l-u- 
•ional noccwity of a(iditionnl mpitul lo run tho bn«incti8 should 
pr«f«r«b1y be met by an increajte of Vi-orking oaiutAl, rather tluui 
by a dirprt loitn^ 

BxprrAnaije. — Thia item, aa a rule, in large, and aliould he 
t^en ioto consideration in the originitl plans for tho location of 
the refining works- 

Parting, —The item of parting and brokerage w the Urg^t 
of T.he refinery cofli«, and for obvious reasons a modem smelting 
pUnl sliould have a parting plant under its own control. 

Th€ Win-king t»/ tfic Dy-i*roducU^ —This coiistitufce a large Hem 
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of coel, and romuilf^mble Atienlitin ^}iouUl I* devDirnl to 
inipruvei[;cnt of present niethucb, Abich aetia faulty, idoir 

Summary, — Tbo items of amaller coat *nth their respective 
&in<)uniM per ton of base bullion treated urc: :^pdt<;r, $0.86; coal, 
10,60; wikH, $0_S(l; HUppli&4, repairs ftru) goneral »*xr)cii;K», 10.35; 
total* $2.10. It ia doubtful wlinther much intpnjviiiiicnt can be 
mode in the reduction of thoae coat^. 

ThoitomAof Lurj^orcoat are; Lttbor, $2; interwt, 11.32; cxpics- 
sager $1^10: jmriiiig and brokerage, $2; rew«rkina by-pTOducW,. 
$l,BO; toTnl, $7.92. The genercil inttmiger iisunlly iiltcadi^ Jn ih* 
itrrrns (if interest, exprcaange niiJ brokeriige, Imvin^ the qite^ioiiA 
of labor and working of by-pHwiucl^ lo the mttallur^iar . m 

The cotit quoted for smelling j>rautic<i, as employed at Den\cr, ^ 
will dilTer not^esi&rily fn)m those at other locoJitiM, where tho 
cost nf laborr frrigbt rutes on spelter, fuel, et.t^,, are ehanged- 
Rf^njQg i-an cloubtle.-(8 be done ni a Icwer cost at |K)intH aloD^ 
the Misaisslppi Kivcr, and even more so at cities on the Atlantic 
seaboard, as Newark or Perth Amhoy, N. J. 

The consolidution of many of the more important emelting 
ptantfi of the I'nit^ States under one rranagement will doubtlew 
alter the %ureM of coni given afxjve^ pari.Wdarly ab the intereyl 
uoat there atated it at the high rate of H> per cent., a condithm i>f 
affaiiB now changed to 5 per cent. Other factora have ]f«s«]iied 
the ooet of refining; tho bullion produood at the present time » 
softer, or contains a smallar amount of ImpuritieB, and admits 
of en^er working with shorter time and less labor. By pfopcr 
matiageiueut larger tounagea Me turned uut |wr inaiip ajid iha 
Howard stirrer and Howard preas have aimpliiied and chnapcnol 
the working of the ainc ekimruinics- To illustrate the compara- 
tively recent condltioua of cost 1 have compiled the folbwiac 
table for each month of the year 1693: 



OOffT OF REPINING nURTNG ISftS. mCLDOINO LABOR, SPEL- 
TER, COAL, COKE. SUPPLIES. REPAIHB .\ND GENERAL 
EXPENSES, 



JftBiiftf7., t3.50 

rvbnuiy a2g 

M&mb 3.24 

Apiil 3.51* 



Miy . S3.38 

Jcjoa. 3.5ft 

Jul; 0.55 

AiiglUt 3.64 



^pUmbor $3JB 

Octohor ZjW 

MtjteEiibar 3.30 



AvanffD ooflt duriuf Um yov, 13.44. 



BHELTDfG IN THE BLAffT FURNACE 103 

It 18 underatood, <rf course, that tfaeee figuiee do not include 
cwt of interest, expnnsage, pftrting, brokerage and reworking 
of bj-produets. 

(UdbOD^ tlu vtide Tden to qoDditbv in 1806, sinoe whkb thac there 
kft hc0i iiii|iiufciueiiti in pncticet tbe latter hart not been of ndlcal duncter 
ad Ak fignm glrai ue bUjr iqKacnutivc of pK«cnt to n dllton a, — > EmtcmJ 



SBffELTTITG ZlffC RETORT RESIDUES 



(Ifuah 3^ IWW> 

The following noted were tuJien fnini vrork done ftt the ChcrokcA 
Lftoyon ^mcltor Compauy, Cos, Kttnaud, m 1003. It wod pru- 
tically nn uxperimenL The lurfi:ic& wuj oriJy 36 x 90 in, at Itc 
crLcil>l«» with tt 10*in. »ld^ bosh mid a C-iu- end Uwh, Tliew 
vr?m five ittyerm tin e^ich Hiile with a 3-in. <i|imiinfl, Thir niile 
jackets) rnetitfurcd 4^5 h.% 18 in. ThedtatanocfroxD top of crucJbU ^ 
to center of tuycrce wm ll.b in. f 

The blut was furnished by ono No, 4} ConncUfiviHo blovr^T. 
Tht furnace origSnally was ouly 1 1 ft. from the eentw of tuyom 
lo thr fi-ral-flcHtr, and Imd only lj<*<*n nnviii^ alunil, 6^1 |w'r Limt.of 
the Iwui. This loHti of lead, howftvpr. wnw nrt eiit.irply due ia the 
Uvff furnace- ^\fi iao provision htid been mndc to eepwrate the slo^ 
»ai! nintto, upon odiaunnng ehnrKC 1 roi«od the food>t1oor 3 ft., 
thereby changing the distance* from the tuyere t<i top of funuiott 
fnuii II ii- ro 14 fl, MuLt.f' ^!tJ<'n» were also installed, Theas^ 
two chnngcs raised the pr^rcenfa^c of lead e&vci] lo 92, aa ahowi^^ 
by monthly atarcmRntSn The fiirnnce being small, aod a high 
Itffevntai^ of alnc oxide on the charge, iho campaigns wicrt. 
Vitthimlly flhart. The longest run was about six w^ks. Tl 
VM niftde on anrnf rt'Aidiir that had been screened from the ooai 
^^. and rokp, and fiad ivcatherod for aevenil months. ThI 
ivhrtk'^ikir roftiduc also carried about 10 per Dent. lead. Th 
MMW recout roeidue that had not been screeiied and weathercdf^ 
Wal %ik* low in Wd. did not work so well. Altiieu^-h ihcae rcsH' 
^W# t^^tml of a lai^e pmportinn of coal and eoke, U seomed 
^t«lo Ut rr-duce the percentage nf good lump coke on thd 
V^«vr llian I2»& or 13 per cent. At the Atinie time the 
mUv^lMi tH>niTr t>f the residue was alrung. und with the noi 
miiji^^ ^ f>i4ie Ci^utfed sonne trouble m the crucible. 

^ VWimi vt ft l-tpw 1° WtMem Chrmiat and MftaUurjpMl, 1, VII, Aug,, 
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When residue ootxlaimng ectm-arnhmcite coal M&fi ftmelW, 

tbtaafli^ Id to^d dropped^ and the fire went to the top of ttie 

fum&ct^, Uum'iTig with a blue Haine, ihereLy neL-aMltulin^ th« nv 

ibciion ijf tJiib cIahs oi inateriAl. Thb rcvidue hod been AcrecuffJ 

ThnKigfi a Ere-mcah screen, and wet down m layoie, becoming mi 

b&rd Ehat it had lf> be bludtod. Tho low fUvmK of lead with thttt 

du5 of matenul wv^ :x «iirprUo» aa it bi^ been claimed iliat Hie 

fltili«titiitiDn of purt of the fuel by anlhracite vim\ did not afTtwt 

■ UiP tnetullurgical nperfttinn.s of i\\fi furriACc- 
Thc slog nzLS «]U)te liquid atkI tiowed ^-eo' ^^1^ '^t ^H times, 
flcwcver* there wog a marked vuhaticin In the amount at different 
^.tappings. Thi£, I nm Katuified, wua not due t<t irrejculur work on 
^nhe fumiLi^o, but miiy be itr^t^nunted for :n Ihe following m:tnn«»r. 
^THia residim (not srreonni (ir wrathrixxi Uj uny rxU^rit). rnnft]>tiiig 
approxiinatdy of onc-holf coal and noke, wa^ very bulky, and 
while thcT^ wa« about 35 per cent, of ib on the eh&nce by welfEht^ 
th€r« was over 50 per cent, of it by bulk, not incIudinR *Uk and 
eoke In feedings therefore, it wjia n difficult mnctpr to mix 
Hie whole of it with the chaise. Several different waya nf feeding 
ti:« furnace were tried. The one giving the moet ffatisTaetory 
^rewdW waa to feed nearly nil of ihc readuc along the center of 
^bie fumaoe. in coDoection with the lime-rock, coaree ore and 
coarse iron ore. aod the fine and easy amelting oroa along the 
aide^ The esIa;^ wzlh ^preAd uniformly ever ihe whole funiiLre, 
vhile iho Aides wc-m favon^ with tU& coke, Tlie c!mr|^ would 
drop ae\-eral incbcH at a time, going down a littb faater in the 
ctnter than on the eid». 

til is poa»ible thai a small proportion of the reaidue in (lon- 
>eiion with the vnsy fnueUing, leady, neutral ore, iron ore and 
no-rock formed the Lvjie «f slag marked No. 1. 
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Tbifl being tapped with a good flow of slag, the charte would 

i^njp, bringing o. proportionately Ijirge umount of residue in the 

ion aon^ whirh formed the typi* (if thig rrmrke<l No. 2. There 

tut idsui a mkrkml vnrUrion in the slng-^hella fniiri different pots. 
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TIm above c\i€4. irrcwulariHw of cour^ exiut to a cartftis OKtoit 
m any hb«t fiimnco- 

AVRRAOE AKALY&13 OF BUTEElALA &HEI.TRD 
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ANALYSIS OF BULLION, SlJiO AND MATTK PRODUCED 
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MONTHLY RBOOfiD OP mtKACE OPERATIONS 




< Uuob bettor mwk h biing doot *X pmmnxU ncLting lb* W«rtOM sliie 
am, ud lb ft^iie oo&t^D* About «B»*lhiid of lh« ahav9 fiffvo, o* 7-K pv 
«M.of jincraUi. TtMUgbiwremt.orSDOWtlnpvMnnBBHnlr^v* 
to poor fOtfUaf. 

■ Tben VM obo «OMidonbIe ooks md o< la bfonor frndfi, iwio fnm 
Kkumom]. 

* Put of titt ZaO tc Moitod rnslln Mma ffo« bang r wootiJ in Ilia 
funuMO iho bIdc or« kid htm raMl«d Ia. 

• Than n« hm mMm oo itao ihiipo darfag lU neotli, «Ucfa ocovubu^ 
for ibft kfgv tonDift wtUi & lo«or 
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I bcJieve that, in ameltkii; raadnes high m siiie ocdde, bett«r 
SMtaUuigical resultfi would be obiuned by omiig a dry BUieioos 
ore in ooonection with a high-grade galena ore, provided the 
rcmdue be low in mlphnr. This van oonfinoed to a ccftain degree 
in actual practice, aa the furnace worked very well upon increasing 
the percentage of Cripple Creek ore on the charge. This would 
alao aeem to indieate that ahunina had no bad effect on a nnky 
<1>S- 



znrc oxiDB m slaos 



Br W, Matnard HttTCHiKO* 

From time to time, in varioiw articlw and letters on metallur- 
gical Hllbicf^tn in thft iCn^n€ering and Mining J frumal, tho question 
of the removal of dnmxideln slags is referred to, and thequcfitLon 
i« rviHod tw l.r> thii fiinn in which it \s ront^iiiGJ hi llie alag^. 

I Kather that opinion is dindcd as to whether siuc oxide eoter* 
into the ela^e as a combined silicate, or whether it ia simplf 
carried into ihotn in a stale of mechanical mixture. 

For many years I have isVpn great interpst in the composition 
i^f «lagn. and have «uidied them mimwrnjiiftiiUy and rhpmirally, 
Thu conclusion lo which I have been led aa rcgardfl zinc oxide 
ifl, that in a not too basic ala^ it \s orixlnally mainly, if not wholly^ 
taken up aa silicate nlon^ with the other basee. On one occasion, 
one of my fnmaceA for several days produced a slag in which 
beautiful crysuds of lA'illemiLe were very abundant* both free in 
(-(ivititM liiid also iiTiliiJildt'd Lhi'(>U£liuul ihi? uiaffl of aoUd atag^ 
nn nhuwii in tiun Hectimia under the mleroticope. lu the ivuno 
dlaf; waa a larf^e amounl of magnetite* all of which oontained a I 
oonalderable proportion of uinc oxide oombinod with a. Mag- 
netite cry^als, separated out from the slag ucid treated with 
Btnmg add, yielded shells of nia(.eriitl relnlninK '■J*'- f'"rm of line ■ 
nrigiual mmeraU rich in sine oxide; an iuteT'CryntalliKed luic-iron ' 
ftpincl, in fact. I htive »ttin and scpuruted ainc-iron spinels very 
rich in zinc oxide fnmi ether sla^fl. They ha\T been aeeu in the 
a\hg% at Freiberg? ; and of course everybody knoviS the very 
inl^rcvding pa|H?r by SuJsiu-r and Hchidfti% in which Ihey desrriUed 
the beautiful ronnationn uf npireb and witlcoiite in the walls of 
the retort£» of zinc works, 

1 think there ia thiu Rood tc^und for concluding thai sine 
oxide \a slagged off as eombined aillcale, and that free oxide 
dotn tiiiL f^xiHt ill xlaf^; tliiiugli titu' i>xid(* dons iirciir in tlieni 
after ao1JdiScation> combined with otiier (jxid<B, In foriiis ranging 
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from a sinkif erouB magnetite to a more or less impure linc-iron, 
or zinc-iron'^iimiiui upinelr theee miDerals having crystallised 
out ID the earlier etagee of cooling. 

The microscope showed that the cEystabi of willemite, men- 
tioned above, were the finrt, things to crystalliEe out from the 
moltan slag. The main constituent wu well-cryBtalliKed iron- 
otivine-fay^te. 



PART V 
LIME-BOASTING OF GALENA 



THE HmHIHGTOK-HEBERLSHf PROCESS 

ll i« & fact, not gnienll/ Icno'A-n, thHt tiie Ani^ic&n Smelting 
mnd Tlrlinlii|{ Com[>Afiv m now prr|iann^ to introduce the Hun- 
tittg'..aiKlIrl)erleio pruceas in all iia plants* this acLiuu bting ibe 
ouU)Oiii« of cxt«ji0iv« cxpcrimcntatioD with the proccea. It is 
contcmpbtcd to employ ihe procMS not only for the de«ulpburi- 
Efttion of All ^Ijuaee of lend ore, but also oif matt^. TliU U ft 
tardy r^w^gniibn of ihe vjtU»e of » procew whlfb Iihb l*en l>eforfe 
the meiAniirR>^^^ imiftmiitn far nine >eare, the Itrititih j)nt4?nt 
tiaviiig bocD iHUcd under date of April 16» lfl1>9. and hw lOrcfidy 
attained important uw in eeveriL] foreign ooun1rin«; but it will 
be the jET&ndC9t application in point of nmgniludc. 

Tbe Hiintington-Hf^berleLn \» the first of a new wrie* of 
fOOetMep whirh rifect the ilrsulf iti uriiut i<m nf g;tLlL'nu im an pntin^ly 
Mw pniici^ilc &ud at great advantage over the old mcLhod of 
roasting. They act at a comparatively low temperature, so that 
Ihe loaa of lead and silver is reduced to inaignificant proportion; 
tbey elimmHte the sulphur to a greater degree; and they deliver 
theorein tbeformof a cinder, whieh greatly Increases the smelting 
xpml ol tJie lilast furiuict. Tlity c^tin^^tiiuttT one of llm iiuiwl. 
important advances in the uietalturiy of Itad. The ninntinK 
procetto has boon iht one in wlueh leaet [^rcgrcsH ha^ been made, 
and It haa remained a oogtiy and ws^eful r:tep in rhc treatment 
of snlphiiie ores. In redueJiiK upward of Sn^flO^niXl Ions of ore 
prr untium, the Ami-rii^nn HinHlinK itnd HefiiiinK Cnmpnny ih 
obligal to njast upward of 1,000^000 Ltmn nf njv. and matte^ 

The Huntington' Hcberletn proccM vaa invented and first 
(Lpplicd at PortuBoia, Itiily. It ha« Mnce been introduced in 
Germany, Spain, (Irt'at Britain, Mexico, British Columbia, Tas- 
mania, and Aiwtmlia, in the Isst at the Port Pirte vorka of the 
Hmkfn Hill Proprietary Company. Kfforta were made io mtn>- 
ducc it in the United Siatea at leaat five y«ai« ago. without aucceae 
and with bttlo encouragement. The only »h&re in tlita motallur- 
gienl improvement that this country can elaim M that Tbomaa 
HuniLugion, one of the ioventorH, U an American cltlson, F«rdi^ 
nand ilrberlcint the otlier, being it German- 
US 
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<S*i^i«Aib4r V3. IMS} 

The article of ProfcMor Dorchcra (aoe p. UC) b, w« beUn^ 
thfi Grst critic&l ciiBcuaeioD of tho rcacuoos lavolvod ta Uie new 
melhodfl of iloculphurixiog galeoa, &8 axemplified Id tbe pro- 
«ea«ea of Huatiogton &Dd Hebc/I^in, Savebberg* and CanofcobMl 
urid Bradford, although Ibe aubject haa becm touched upon by 
DojialJ Oatk, writiLLg in the EngtMmt^ and MiniuQ JounuU. 
It is p«fectly obvioua fn>Ea a etudy of tht mti6\luT^ of Lbeoe 
proceeees that ttiey intfoduoe an eatircly now prmo]|>)e in iht 
oxkdatioEi of gateoa, aa Prcjfc^or Borchen) pcinta out. luttaniuch 
aa Uiere ara akaady thr«!« of thcvu* prtftafltoa and am tikdy to 
1;«! more, it will Iw nweseuiry tu have a type-name for Lhb new 
branch of load metallursy. We venture to Aucgtsst that it may 
be referred tooa the "binoroaAting of f^lODu/' inoamueh &a lime 
k evidently % roquiaUe ui the prooMa; or, at all eventa. It is the 
Agent whkh will be commonly fMnployed. 

When the EiuDtitigton-UeljcHein prooem naa (invL described, 
it did iiot even appear n stmplificatioo of the ordinarj roaotuif 
proeeear but ruth<Tr a ci^mphrjition of it. The proecas attracted 
eompiLTu lively little aitention, and ^vwt ind<«d r^ardod fBoiQevrhat 
with suKpiirioR. This was largely due to the |N>Ucy of tlw coa^ 
pany which aociuirrd the patent rights la refuving to pubtwh the 
tcohiiirn] information concoming it that the mctallureical pro*' 
fcttion expected and needed. The hifltory of thu exploitation ia 
another exAmplo of the diaadvanta^^e of secrecy in sueh matt«n. 
The Huntington-FTchprlpin procff» haa only beeotn* thoroi^hly 
eatablished na a new and valtiabte departure in mettii\ut%Y, a 
departure vhich b iiKleed levoluUoiULry, iud6 yean after the 
date or the original patent- In pn^rietary pfOMieee tima ia a 
particularly valuat^ dement, tujmuoh aa the life of a patent ia 
limitM. 

From the outaet the explaoatlon of Huatiogton and ITf4>er1do 
aa to the reactiooa mrolved in tbetr proceea vaa unaatisfactofy. 
Profeaaor Borchera pointa oat c&aaily tliat choir canceptioii of 

Hi 
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foimation of c&lcjum peroxtdo wu crronc^iL}, and indJi^AC«0 
srniji^ly th^ probubiliiy tfcmi ihe active i^^coint la (calcium plumbatd. 
tLji lury much ui l* n^rrtled Ihjtt he did not gi» fimher with 
hiA apf rimenlA on thb ^uijjtxt. and it in In l>c lii>j>f^J Uiat rfiey 
vi be Ukcn tip by the profcasora of tut^aWurgy in oWcr m«ta]< 
lurjncft] vcbooU. Th«! fomiAlioa or ccklciuni plombatc hi (he 
pnxrwi wa« clearly fore«aM«d, howovw, by CarmWIuicI uDd 
Bndford in their first patent sperififittion; Indr^N], th«y coQii 
aidered that the sintered product tonnivUvl hu^ly of cftlfrmin 
plumbate. 

Kvee yet, w€ have only a va^c idea of the rcartioos that 
omt in tJ^ese proeeaMS. Ther« in undoubtedly a fornkaliLii: of 
sulphat«i, as poini«d om by Borehen and Saveleb^rg; 
bni that (onnpouDd i« eventually deromposed, since It la tmt of 
the adv&Qtacefl of the limiyro&atiDg that the sintered pnrduct an 
companitivdy low in sulphur, la it true, however, thai [he cal* 
cium eveatu&Uy b«>comf« silicate? If fo, under what condtiiuiiB 
iiealdtun silicate formed? The temperature maintained through- 
out the pTocen is low, considerably lower than that ret^ulred for 
the foniiAi'u^u of any calcium :<I11cate by fusion 

Moreover, it is not only galena wkich i* dceonipoaed by the 
new method^ but alao blende, pyiite and copper eu^hid«e. The 
process ie employed very succefisfully in the ireatment of Broken 
Hill ore that is rather high in iinc auIpUide, and it \a nUo to be 
employed for the demilpliLirizalion of niattea. Wlmt am tlie 
reactions that affect the deaulphurixation of the sulphidce other 
than IcadT 

Thcire ie a wide field for expenmental metdlLircy in connection 
h these new processes. The ImportLiiit practical development 
m that thi<y dn nciuolly effect a great ecunuiny in the reduction 
of lc*d eutphide orao. 






TB£ ITEW METHODS OF DESULPHURIZmG GALENA 

An Importaot revnlution In the inethtKls of smelting I«ac1 ore, 
whioh bad to a large extent remained Ujt ccnturioa unchanged In 
tlwii eaaeiitiaU. waa wroufiht by the invention of Huniington and 
Ueb«rlein in 18DG, Mor^ enpecialiy is thia true of th^ masl- 
reduetioD method of treating galena, which eonaiflta of oxidising 
roadl.hig in a reverheratory fumitee and subsequent smeltuig of 
iht Ti>aiited product in a ehaft fumaee. 

lir^t stage of the roaat^rcduction procecfi, aa caniod out 
to th« old methodr via., the oxidizing roa^t of the galena, 
lSSv»lo Donven the lead sulphide into lead oxide: 

PbS + 30 - PhO + SO,, 

Owing ici the liuiir (character ol the lead cixide, thepmrlnction 

of a ooDsidcTiible quantity of lend siilphate was of courM unavoid- 

ftblo: 

PbO + BO, + O - PbSt>,. 

As this lead sulphate i* convened back inio sulphide in th« 
blast- furnaci? (ipemiiiin> und sa addct Id the r^rmntion af mAttr, 
it hL0 alwaya bc>en the mm (in working up oreet containing little 
or no copper Ut be conDenlmtod in the mjitle) to diminat<] tli# 
sulphate aa eompletely jks fwesible, by bringing the charge, oa> 
peeially toward the end of tlie n>Ekfitmg operation, into a aone of 
the funiac*' wherein tlip If^mp^raluri? ia sufTiniuntly high to effect 
deuoniponitjon of thn iiulplmtc by silica: 

PbSO, + 810, - PbBiO, + SO^ 

But in the usual mode of carrying out the roast in reverbenitory 

■Tnuuitation of a fi^fHrr rT*d Mom the SftlurwivcnAchaTUicber Vertiit 
at Auhcn* and publuitird m \tetoUMr^-, 190fi, 11. 1. 1-4S. 
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iriLAfw. Che rtHiJtiinK tlnrlf im ibe out tuind* a[Hi ibc <leoom posi- 
tion of the »ulpbatC0 on tbc other, were effected only inoomptctely 
&ikI with vridHy vAryioic to»uIu, 

Lfttle fttl^ntioti bstf tx«n p«i<i in connecdon ^ritl: the nuM- 
reriilclion prcH-FMii u> ihr rraftuiti hHw<im 9ni]|)l]aL<n ntui undt>- 
composed siiJphidci, which i^ayv no impoiiuit m ixart in the 
lOftfft-reftttiOQ method of lead i^mcUiniC. M li v^-^ll keovm, kftd 
sulphate rvactA with lead eulpht<l<^ in Vhhr>inK 'iuunticicti, forming 
either metallic lead or lead oxido, or a mixture of both, A »nuill 
<)uanUty of 1«ad sulphate reacting witli lend vu1|ib]do yieldii under 
eerlain cooditions only load: 

PbaO, + PbS - Pb, + 3S0r 



WUblD oertaJn tennperature limits this reacdon pven proceed! 
with tit>eratJon of heal. In order li> enfoura^e i(. it i^t receuary 
to erealff fav<}nible conditions for the funrmtioo of coufllderable 
tttti«K( oj aulphate rigbt r^t tbe bcgiimtnj; of the oporatioa 
wa« fiial achieved by Huntio^D and Habericin, but not in 
the siinpleet nor in the moet efficient maimer. And, indeed, the 
invenuirs vere not by any rrteaiis an the ri^hi iraek m to the 
chiuiirtrr nf their proccn, ao t^r na tJic ohrnucal rr^iutiunJi in^^Ived 
are concerned. 

At lintt ^iicht the Huntinxton-Hobcrlcin procctv diKM not even 
appear na n mmplificktion, but ruthcr jui a cornpbculion^ of the 
rotating opemtion. For tn plac^e of the mimt cnrried out in one 
appnratUK nnd irnTiliritiniixly, thrrr nrr lu't> rci^fcLi whkii hfwe to 
be carried out i^eparatcly and in two different formn of apparatus; 
ncvcrthelosa, the ultimate rcsult.f wore m fa\'orabic thut the 
whole proi^esa is prcMumuhly tu^knowlcdfftvJ. antbout re^rvation, 
by a)) ameliers as one of the mo>I importanl Jidvniicejt in lead 
mtifrlting. 

It ia UBcfu] to eatamine In the tigtit cf the German patent 
ipoci&oatJon {No. D6J101 of Feb. 28, 1897) nhat were the idca« of 
Ite en^natoriB rej^arding the operation of this proccve And the 
reanion* 1c»iiing to such remarkable re«ult8. Thc»y wtnteH: 

*' Wr hux-e n\i\,dr^ the olwerv'niior that when powHerpH Ipiid 
sulphide (PbS), mixed with the powdered oxide of an alkaline 
earth mctnU <-f/^, calcium oxide, ifl CJipoeed to the action of air 
at bright red heat (abotit 700 dog. C.)p ^od ie then allowed to 
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cool without iiiterrufiilng (lie aupply of air, an oxidiidng deoom- 
pimitirtii lak» place wbeu dark-[«<l beat (olxiut WO dcff. C.) is 
reached* hulphuruud acid being expelled, ftnJ a ooiuidermbk 
Amount of hca^ evolved; if sufficiout air id thi^n c;>nUnuouiily 
pMAnd through the f^b&rge, deuw vapors cf fulphuroiu &cid 
««c»pi>p nnd the mixture gradually amten logeiher la a tnaw, In 
which (h^ Irad of Lhc ore in present la Ebe form of \riul oxidr. 
provided th«! air blast is coittiruisd long enough; there b bo need 
to mipply hiukt in this proeee^ — Ihe bcut liberated in the rcoetJon 
is qiikr Kij(!tm<fDl Ut keep it up." 

The invT-ntors pxplatm*d the process fts follows: 
" At a brighf^reti heat the calcium oxide {CaO)tiikc» up oxygen 
from the nir supplied, forming calcium peroxide (CaO^. vhieh 
IflttcT afterward, in <<onscqucnce of cooling down to dark-rod koau 
again docomposfw into monoxide and oxj'gen: thlg niuce&t oxygQQ 
oxIdiiM a piirE. nf the lead xulphide Co lead sulphate, which then 
reartii A'ith n fiirlhrfr quantity nf IcmI sulphi<lp, with evolution 
of sulphur dioxide and formation of lead oxide." 

AflBUmiog the formation of calcium peroxide (CaO,h the 
pTOCtfu leading to tho d<Mu)phurJiaticn would therefore be repro- 
aented as follciwd: 



I 

t 

I 



L atTOO-C- CW> + 0-CaOl 

a. ttxtxurc 4Cao, + Pii8 - 4nio -t^ phflo- 

9. at Uwmaltiiif point PW + PU^u. -2Ph(J + 2SO, <T} 

Kecietiorkii I and 'J eombined, aaauming the presence of 5iifficitn( 
onygeD,give; 

PbS + <CaO + 40 - PbSO, + 4CaO, 



Now the invention mmaiata in applying the obaervaUon 
deriribed above ro iho working up of galena, and other ores eoa- 
Mtting lead sulphidf^. for metallic lead; and the cMetiilal novelty 
gf IW proceea therefore coni^ierte in passing air through the maas 
9MoM to a (lark-rod heat 4fKK) dcg. C.)^ 

Thia feature sharply diritinguinhea it from other Icoown pro- 
^|IPM> U ui true that in prrvimiM prorewwa (eompare the Tarao- 
yUfca rvverbrratory-furuace piocras, the loaatlug proceaa used at 
Mu! ' ^!^ near Stolberg, and olhcra) (he lead ore waa mixed 

fti^: .1.0 or dolomite (which ore eonverted into oxklee in 



UUE-nOAffTINO OF QALSN*A 



119 



tAT^y etaft of ilie ro&gi) and th« beat wa« aJtenutdy ru9od 
and lowered: but in aJl c&^eB only a nirface action of the ftir w»» 
prtM|iic«<l. lh« Air supply being provid«id almpljr by the funwcv 
ilrnrr. PsMcng Air ibruugli the ulaaa coot«0 duwri. an Imliailnl 
abo^'c, leiub to llio import&nt ooonomic adv&ntnfCB of reducing 
tiw fad oonsKunptien. the loeeee of Icftd. the maiiUAl labor (mking) 
and the dlmcnslopg of tbo roBsUng flppftratua, 

tn order to tiary out the prooesa of ihis mvcntion, the pow- 
dered tvK iH intiiimtdy iiiixtt) with n quoiitiLy (if nlkidino tvith 
oxide^ t.g., calcium oxide, corruponciuig to lis stjlpbtir cnnlcnt; 
if the ore alrcoidy contains alluilme earth, ttic qiiAotity to be 
■dded is rcdiioed m accordance. Tlie mixture is hcntod to 
brif|ht-red boat (700 dj>g. C.) in the reverberatory furaace, in a 
vtriTn^ly nxululn^ lUcTKMplif.rr, m then hIIqwivI I^ cool down to 
dark-red heat (500 dcR. C), al*o in wtrongly cxiiiixing atmofl]pb(rre, 
ii txansferrcd to a v«39cl colled the " coov'crt'Cr/' and atmoapberic 
iir !■ paa»ed tbrouxb at a Alight prv^ure (the inventora baw 
found a blart corrcKponding to 35 to 40 cm. hemd of wal^r suit- 
>lft )V Thp bpat tihf^mlrd w ipiiMT snfficipnl to k«p th^ charge 
the reartion temprraturer hutj if dcvirrd, hot blast may al^o 
"be used. The mixture sintera tOj^cthcr, and (while fliilphurtius 
acid £afl odcapoa) it ie gradually converted mto a maoi cooa^liDg 
^ lead oxidOi gangue and calcium ealphate, frcm whioli the lead 
la extiuctcd In the metallle form, by any of the leQOf>rri nietheds, 
in the ahaft furnace. The operation m oonetuilefl an Huon us Ihe 
by continued «inlenng, haa become iiiipenneabie to the 
If the operaLion to properly conducted, (he giut cocapiniE 
mtatna only amaU quanlitiee of volatile' l&ud compounds, hut 
m ihe other hand up lo » per cent, by volume of sulphur dioxjdc, 
Utter eun be collected and further workHj np, 
"In place of the oxide of an alkcltni^ f-jirth, femjua oxide 
(FeO) or man^anoua oxide (MnO) uiay al^o be uned." 
^H Aeoordin^ to the rcporld on the practice of this proccM which 
^^■ave been publlBhed' conioal convener^ of ubout l7U0 mm. 
^H(B ft. in.) upper diameter anJ 1500 mm. (5 ft.) depth are ui;pd 
^^in Aufltx^iau works. At a new phmt ut Ptjrl hric (Broken IIJIL 
Proprietary Company) converters 2400 mm. (7 ft. 10 inO in 
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^Hr^iA 40 cm. - 13.73 to l5,Tfi la. *• 8 to 9-13 m. |iu- vj. itj. 

* Kn^fuutrir^ and Mit,tng Juurwl, IWH, LXXVJII, p. 430; Mtittl* by 
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leter flnd 1800 mm, (5 ft. 11 in,) dce|> Iiax-a bf*e» ii^alM. 
laae iHfter will hold a dmr^of aboni cigbt Utta. In Ihr; \owvr 
purt of these con^%rten». hi a dbt^nce of nboul 600 mm. (2 ft.) 
from the bottom* tticnr U pifkcod an annulur porforutod plate, 
and upon this a short porforat^d tube, closed ubove by a plal« 
bAvlfig ODiy a limltod niiml>er of hnln-t. 

No details h^ve ticen pt^Mi^hed with rrgaM to thir KufvpOAO 
iuflU]la(iuii&. T\\e general InfornmtioQ which the Mctallurgucbe 
Oesdlachalt ^ placed ^t my diapofiol upon request aomo yean i^«, 
for use in my teoiuro courses, was r^irlct^ Xo dAtn r^ardii^ 
the consumption of fuel and labor In roMting ami Hmdling tht 
oru, ivhHi wild figured at alK}ul one-third or oii^half of llie con- 
euiuptioti in Mie furnier pruce»«G6, to the demo nal rat ion of ibt 
large output of the comparHti\'ely small convcHcre. and to the 
reduced aiso uf th(^ roaatinK plant as the result. But the Furo- 
pean eatablialimerita \k'hich introduced thiit pror^ss were bound 
by the owuera uf tlie patents^ not withstand Ing tlie protection 
afforded b>' the|mimiL«. logivenoiDformatioii Aiiateverrc^i 
tho prooMA to outflidera. and not to allow aiij inapcctioo 
worke, 

On the other hiin^l, n KK^&t <lm\ appeared It tecbnfcal literal 
wliich wan ralruIiLtod to exc-itf? purUMtily. Moreover, iw professor 
cf iiitftrillurKy, it wtw my duty tcj inHtnic't my pupils conceniing 
thist prc]c<tse( ninonB: others, and it wnn therefore very gratifying 
to me that one of the ?tudent« in my Ijvbomtory took u apecial 
interest in thft treiLlnicnl of lead ore. 1 gave him opportunity to 
instull a ttinuli converter, in order to carry out the proci*i» on a 
wuall Hi'n1t%iind in Hpitnof the ^^lenrjor dini^^omonK of th«!nppEinitUH 
Uie very first CTtpcrimcuta gave a com]*lclc ^ui^cosa. 

However, I Pould not harnwnlse the e,^p]anation of the proceM 
given by the inventora with The knovtlcd^ze which I hod acquired 
in my many ytmrn' pruptirnl experience in the manufacture of 
|H9nixidni, It th olriir from thi* parent sperificalion thai in the 
roaming operation at 700 dcfi. C. a compound mu&t be fonned 
whirh fiirrlionfl m an excellent oxygen carrier, for on cooling to 
fiOOdrg. V- tlie f uri her wxid.-Lt ion then proceeds to tlie end not only 
TJthout any external application of heat, but even with vigorous 
Vvolulirn of hi^nl. No mnrr Klnkirig Instance than Thk could 
IttdenireiJ by the thcormt>A who havetif rerent veara a^in l^econke 
■ Owner of the pnt«ni«. -^ EditdU' 
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so cnthiiniutlc nvrr the idfv ol caUIj^im, ITunlin^Ki ftnd 
Ucberlcin rc^Arded calcium pcrcxidc aa the oxyjccc earner, but 
thit ifl A oompound which cannot cxL-tt m oil under the conditioni; 
which ofctJUQ in thoir f>rocesd, Tlie peroxides of ihe alkatiD^ 
Mrthft are 90 vpr}' MriwitJvr Ihnt in |in-|]ArJn}( tiiTiri tho Nninll 
quaDthm of carbon <)ioxidc nnd oraler triiuil bo ciitnictcd ran»- 
fully from ihc air. usd jrct m the proc:cw, in an atmospherre 
pn^tiant vvilh corboa dioxide, vatcrt aulphuroiu^ acid, cte., coi- 
dum (>«roxid«r. thft mo«t aoontive of the whole group, i« mjppoeed 
to fonnl ThiH rnuld not b». 

The only ntTiipuuRda koown as OKygen CArrien, and capable 
cf exbtln£ under the condiiiona of the process* arc eafciuiD 
plumbato and plumbiie. I have cmphjuiscd this point from Iho 
iirat IE m^ l«cturae on metallu^y, when dealing with the Hunt> 
mgtoQ-Heberlem proceSB, and, in point of fact, this assumption 
[laa since been pixjveij to be correct by the work of L. llupperU, 
o:ie of my atudent£. 

During my practical activity (1870 1891) I had prepared 
banum peroscide and lead peroxide in large quantities on a manu- 
facturing scale, the last-mentioned through the intermediate 
formation of plumbiiea and plumbatea: 



«: 



2N(iOH + ?bO + - Na,rbO. + H/) 
INftOH + PbO + O = Na.PbO, + '2afi. 
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An experimpnf madn in this ronneuti^jn shnivwi t!iaf. ralnium 
plumbatC i« formed just as rcacbly from slacked lime ond lithnrgc 
a« tho Aodium plumbate« abovo» Lithai^o ia an intermcdiatc 
pnxluct, produced in lai^e quantilica in lend work*, and must 
in any mse be brought haek into the pntoeas If, t.h««ri, the 
Uthai^gc is rriastefi ai a low trniprratun; with slarknl lime, the 
roasline of the galena could perhap;^ be entirely avoIdc<J by 
inrodueine that ore topcthor with cal<*inm plumbnto inL» the 
converter, aft^ the latter had once bocrhcnted up- Mr, Huppcrta 
undertook the further development of this prorrsw, bur. \ have no 
infnrmatidn on the later eiperiTnenlal rwujt^, nw hr. pliirtHi him- 
self In communication \vith neighboring lead works for the purporie 
of continuing hia investigation, and ha« not since then given me 
any precise data. I will therefore confine myself to the statement 



122 



UIAD dM^TlNG ANU HEMNLXG 



that the fundAtiieulft! i'ica for the <"xpprimcn1*, which Mr. Hup- 
pertx urtdonook nl my suggestion, was the f^illowlng: 

To tlLtponne with the mHsliag of the gdi^ika. which \s Dec«vafT 
aocordiiig tu IlMiiliiigtdn Ami Heberlem; mother wurdfl, ux-o&ven 
thD|;ftlQaa by diroct blAdt, with the Addition of cAJcium plumbatc, 
the latter being produced from tbo litharge which is an uuavoidt- 
ble intermediate product in th«i metallurgy of load and aJver, 
(Borrhere, "Elektrometalkirgie/' 3d edition, I002-1W)3, p. 407) 

Tills aloae would, of couree, liave m«aat a coaaldefaLita Bira- 
plilictttion of the roast, but the problem of the roaating of 
boa boon solved m a belter way by A, Savclebfirgi of Ramsl 
Wo^phalia, who has determined thd condttioaa for directly ooQ- 
verting the galena with the adtUtion of limestone and water and 
without, previous nraAtiiig. He baa communicated the fulluwlng 
information regardUif; tbeec conditioiia: 

In order that, in blowing the air through the nilxture of ore 
and limestone, an alteration of the mixture niay not take place 
owing to the lighter partiolee of the limestone being carried away. 
it lA necea.saf7 ^qviite at varlaiu^e with the pixiiiehMti in uiie hithtrrtti, 
in which for Iht aake of economy attvsa ie laid on the precaution 
{>f nhajging the ore aa dry aa po^tihte inl^ the upparatua) to mM 
a oonBidcrubie quantity of wuter to the c*barge before introduoinfc 
it into the uonvertw. The water serves this purpose p^rfwtly, 
jd»i preventirg any change io tlie mixture of ore and limrstonf^ 
which invju-inhly occum if the on? ia ubccI dvy. The nalcrp 
mofcover. excrta a very hcncfinial action in the proccaa, inasmuch 
tis it aide materially in t<lie forriAtion rind temporary retention of 
sulphuric ni^idr which lutt<T then, by its oxidiiting action, greatJy 
onhani-is the timicIioii »mi consequently the deaulphun&LtioQ of 
the ore I'urthcrniorxf, thr w»tcr tends to modei'^tc the temper- 
ature in the charj[C by absorbing heat in it-i volatiliznt'ton. 

In I'lirrying out the procces the converter must not be filled 
entirely all nl on<'C, but firnt only in pare, additional layom being 
nharged in gntduulty in the course of the oprir^tion. In thij^ way 
a uniform pntgrr^c^ of the rrartinit in the nux^ \s iwrured- 

Tbc following mode of procedure is Advantageously adopted: 
A small quantity of glowing fuel (coal, coke, etc.) is introduced 
into the conv^rTcr, which ie provided at the bottom with a grate 
(perforated ^L^t inm), ^Ke gntte being first covered with a thin 
layer of crushed limeatone in order to protect it from the action 
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of the re(l*bot tti^h &n() ore* Cpon Ihia rod-hot fxid fv uniforoi 
byor of Ibe ivelUxl mixliurc cf eTud« ore and limctftctio Li placed. 
When iht BUif&oe of th« (iret l&ycr hu^ iM!<iuircrI & uniform red 
he^f a rrcBh Iftver U chA/gdd on, and rhU i» fcintinucd. Euy^r tiy 
kyer, until tbe converter Ie quUi? full Wliil** the Uyi^rK ait ntill 
bdng jmi on. tine bJaat Is pu8«d Ui &t quite a low prc»urc, and 
«nly wLcn the converter is eDtoicIy Bllcd ia the whole force of 
Ihe bloAt, at a rathor greater praffiuro, turned on. Thc» Ihon 
■tU in a kind of slag formation, which, however, U prec.^ed by 
a very vigorous desulphurinatioii. Afl^r the terminafion of ihn 
pnoieMi, whitrh ctiu Im recoguUed by tlie fact thai va^xirs ceaae to 
be evolved, and llmt the auH&ce of the ore becoirtcs h^rd. tho 
«ODV«rt«r ia tipped over, and the deeulphurJEcd mafis drope out 
tm a solid eone of alag, whiob U then euiiably broken up for the 
■t]l3«equent ameltbft In the shaft fumnee 

Bavdvbnrg (-xplniiis tht- reucLion uf that ynn^et^ on follows: 

"I. The partideei of limestone net mecbanit^ally, glidmg in 
between the partictcd of itiad ore und dopuratinK them from one 
another. In thia way a premature sintering is prevented, and 
the whole mam ia rendered loose and porous. 

'*2- Ttw? limi^aluni* rnudi^atex tbe rf^ai^Eion 1«m|ierature pru* 

^Bioccd in tlie combuslion of the iiulphur, ao that the fuaiou of 

the galena, the fonnution of dujtt ftiid Ihe reparation of meUllie 

are avoided, or itt leiKt kept within the bmit^ pemiisBible. 

lowering of ih« temperiilurc of reueticm i» due partly to the 

pofiition nf Ihe liinrHttme inlri <'aii3(tir lime ami enrhoit 

, in whieli b«it is* Jihsoirhocl, and partly to llir aonflUTnptioii 

the quantity of beat wtuch is neccwary in the further progress 

|bo operation for the formation of a slafc from the fcangue of 

Wo and the lead oxide protluoed. 

"3, The limml^mr.^ giv»i riw to rhemieal rrwction^. Ry \t^ 
mposillon it prnthircti liine^ which, at the mnmcnt of it*i 
foroiation. b converted Into calcium sulphate at the expense of 
ibo milphur in the ore. The calcium fiulphatc at the time of slag 
formation is eonverlod into siUoate by the siU^a present, eulphunt^ 
arid being evolved. The limestone therefore nsslsta directly and 
forcibly Ln the deaulphurl nation of the orc^, ean^ing the fomtation 
of aulphuric acid at tbe expejuw of the sulphur tn tlie ore. the 
dulpburic odd then acting as a etrong oxidinng agent toward tha 
sulphur in the or«." 
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Tb» tTLMt roncliixivfi prvif fur the rorr^tn«aft oi the opinion 
alMck 1 ffxprcA»oii abovi.\ that it m very trnportAnt to create &t 
ite bociikiuiiiE of the opcmti^n the ct>nditioni» tor the farmation 
of M much sulphate o& pnfti]t>le, hot been furniihed by C^michtiot 
and Bndford, Thoy recomtnend chftt gypsum be added to the 
vikuge in place of limt^toni^^ At one 4>f Uie work# of the Bmken 
Rill PrDprietary CfmipnTiy (wherr thnir prrxmn htut bf*f^ti rnrriod 
oit auccoaafully, and where le&d Drcn very rich in tmc had to be 
w\%rkcd up) the dehydrated gypoum w^u mLxcd with an equal 
i|ttMltity of concontrate and thnw limes the qutintlty c>r sUmm 
frocn the lead ore-drcsung plant, as in the table given herewith: 



OBHrnns 



aSeMi 



htekd« , 

»>rllOi 

F«m« Dxids. . . . . , 

fWroutoude 

■Mittoouaojtidfi, 



Kite , 

dui^dittr triruide.. 



a 








1- 


d| 


U| 


o 


^ 




1 


34 


7U 




39 


3U 


15 




31 


3 






3 


4 


.... 


, . . . 


3^ 


I 


.... 


. ■ ■ t 


L 


fl.5 


- 1 . . 


> . . I 


5 


5.5 


.... 




3 


3.6 


, . _ 


4.1 


la 


2S 


.... 


, 


H 


.... 




59 


12 



The cburge isi mixed, with addition of water, in a HUitftble 
|Ui|i;*i"dl, The tniiss is ihen, while s.i\\\ wet, limkeu up into 
|iMOW 6(1 mm. (2 in.) b diameter, which are then allowed to dry 
QU % floor Lu oontuct with oir; in doini; ao they set hard, ewing io 
ilie rtliydTution of the gypsum. 

A* in ihe caae of the Savelaberg process, the convertera nre 
luiain) with a aiiiall quantity of cual, are filTeri with tht? mati^ial 
|m<t«inxi in the manner above deecribed* and the chance ia blown. 
hmtnUlinjc *hc blast in such tnnnncr thM. aftpr the moiati 
pnaoni haa hoen dieeipatcd, a goA of about lU per cent. SO, eon*^ 
ImI U produced, which is woriced up for sulphuric aoid in ft 
«y«l»m «if lead rhambera. 

The r«aetloiM are in thia case the same a^ in the Savelolicrg 
IWWeM, fer heft ftlao caloiuro sulphate ia formed transitorily. 
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which, like other sulphates, reacU partly with sulphides, partly 
with silica. 

Whoc gypflnm ia av^lable and cheap, the Carmichael-Brad- 
fc^ proeeee mtvt be ^ven preference; in all other cases unquee- 
tionably the SaTdsberg process is superiofj owing to its great 



UME-ROASTIKG OF GALEHA 

Much intorcat attachv« to the papt^r by Professor Bonhcn. 
recently proeonlcd in tho i'nffinrmniy ai^d Mining Jcum^ 
(Sept. 2, I9U5) on "N«>w Mfrthods of Dfuiilphttrizing Gft]«Rii/* 
to^tlier wif 1i nn ptlirorinl nii '' liirirvEloHMrin^ of (Snlrnn "; it w a 
cuiioLiH coiuei^cnce that ihc nanic iuuc contained ixbo nn ftrlidc 
on the " Nowor Treatment of Broken Hill Ktilphidcfl," Jn vfh\ch i« 
shown tho importanco of tho new methods aH a contribution to 
actUft] prAelLce. 

For Bome yean* it had beon a MiTrr^ of snrpnup to me that 
a new prficuu, nu iutereat lug and ao succcs^ul u th« Iluutiugtou- 
Hoberldin trealmenl of sulphide ore«, should have received 
H^ariely any notice or diflcusBion. This lack, however, now 
appears to be remedied. The auf^oBlion iliat the auhject should 
be discussed iti the Jtiumal ia good, as b also tlial of the deslg- 
nalioiL *'LiTiie-HrkH«titig " for & type-name. Suth nhnervalJoiKi 
and experinienl^ on the subjeel uA I have liad ti^cajiiou to record 
have, for many yeais. figured In my note-booka under that 
heading. 

W>mtever mny be the final results of lUe later processee, now 
Ijufiirt- the (iir^JLlhirgii^al worlil or slill to eonien there ran be do 
duubt whatever that full and exc^liMii-e cmllt niunt Itc gt>-en to 
UuutinfEton and Uebcr1cin» not «nly for first drawing attention 
to the use of limc% bnt also for working out and introduf^tnf; 
practEtratly the proctsa. It haa been a success from the (iml; 
and mi fru &» |)art of it ih connernni , it w^^mx to t>o an abMiltite iind 
futida mental necctisiLy whirli later invenlora can neither t>elti!r 
nor aet atddo. The other procenes. since patented, however 
good Ihoy may bo, nrc simply grafla on tliia parent stem. 

It Is, hcrwevLT, qiiito c«t4in that Huntin^^ton and Heberletn, 
in tli« LhLH»rL-LiF-tl explanation of the proofs, failed lo undersUnd 
the moflt important renctions. Their ttttribuiing the effect lo 
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Uic farnuUion and acLtoii of c^cium peroxide ftfforde a nod cmc 
of a jwim Usum|rtioii devoid of Any elired of fvidcfioe. Ah 
Profcedor BOKbttt points outp calcium peroxide, ao dilTicull to 
produce and so tinstflble when formod, U an nbsolute and abaurd 
imjifMtibility i^nd^r Oie cojiditioim In ijur'hTii>ii Purliitbly miinj^ 
rubbod their ey*A with a^tonifliDicnt on reoduig tbat purl iiT tlie 
patent on ita 6m ftppc&r&noe» and h4k«t<*Di>d to look up iho chcm- 
ieal mutboritioe to refreeh their minds, lest somethmf! bs to the 
n&ture of cAlcium peroxide might have e^eaped ihem. 

FoHunAiely the pnlent law is such UiJit there w&« no duiiKcr 
of B rcAlly s^^ 'Uid aound invention being invalidated by a wronic 
theoT«tfcal exphiniition by Ha onj-iaator». Bui. nevcrthdciUi, it 
wu a mi^ojrlune th&r the inventor? did not uadcrgtand their 
own procctti^ Had tliey known, tbey couTd have added n few 
more irontt to tbetr patent-claims and rendered the Canniehael 
putml an inipiuviibility, 

frofedsor Borchera appc&n to consider that llie active ncent 
ia the new proeeee is cajdum plumbate. That t\\ia compound 
nuiy play a pari at some stage of the pT«e€aa luy be true; thin 
long ngo Ru^j^ested itaelf to some others. We may yet expect to 
hmr that (ho cxpc?rinient«i undertaken by Profenor Bcirchrm him* 
•cUr end by otherpi at hix indtigutiou (in which calcium plumbate 
if Bcpentcly prepaid and then brought iiiiti action with lend 
flilphide), have given f[Ood reautta. But It doea not appear «o 
far that there ia any n-al proof that iralcliim phimhuie l-t formed 
in t-hc HuntinKton-lIrbcrlein or other aimilar procrwm; iiiiil it im 
difficult to ace at what rtngc er how it would bc produced iind*ir 
the conditionn m qucetJon. This is a point which rcecarch may 
dear up, hut it nhciuld not be ttiken for granted at thin ntage. 
lodeed, it seemM to me that. t,he results obtained may he fjiiriy 
veil explained withfiud colling calcium plumbatir into play at all. 

Of coum the action of lime in contact with lead anlphide 
excited intetcflt many ycani before the new prnccsj camo into 
exifltencCH My own attention to it datfw buck more than a 
doien years before that time (I wa« in eha/^ of works where I 
found the oM "FlintJthirr prni-nn*' Hlilt in imr^). 

Percy pointed out* in hi« wc^rk on lead smelting^ that on the 
addition of alaeked lime to the chaise, at certain stance, to " stiffen 
It up," the mixture could be *eon to "iflow" for a lime. When 
I m/aelf >aw thi« phenomenon, I commencod to make some 
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obicrvBtioDi and cxpencbenU. Also (m oU>en pnbahty had 
done), t had ofaMTVMl thai t-liai^^n of IcmI «iUi c«lcmoa>pafi» 
Are roastciil more rmpHll; «n<l IjeUtr U»ui otbcn, mad to hi cxlcol 
nhkb could not be vbolJjr explained by ample pbjvcal aetiop 
of Um Gido pratcot. 

Sioiplo eJiponmOBU mado in a^ay wa ri fiw^ ia a laiiSa, on 
BmeriMtftiiig, an very Mrikirig, and I think i|uiL? cxpliin apnd 
put of vHbI tJiktsi plncr n\y to a ot^rljiin xtjgEr* in Um procaam 
WW umler coosidcmtion. 1 Cried them n nnmbcr of years if?*, 
OD many sorta of ore, and agnin snore recently, when Audyiax 
tbe Torking of tho ntv patent*. For iiJuKtnvtM)^, I wiU tak# 
OM daaa of or« (Broken Hill c-oncentnt^), nsing a «amp1« anay- 
ui^: Pb, &8 prr i-nnt-^ Tf, 3« p*T cwit.; S, H,« per cent.; SO^ 
3 per oeoL. The ore contained Aomc p^Tite. If tiro eoonfiorv 
are charKcd* one with the finely powdered ore alone, aiMJ one 
m^ ibe ore intimately mixe^i with, say, 10 per eent. of |pura 
Upm, and placod side by side jiuit within a muffle at lov rwlliiffi, 
tilt limed rharige will snon be w«n to "g)n«r." Before the ^mpla 
(vi^ chars^ iJjows any ngn of action, the limed cfaaige rapkQy 
igniicti oil over, like M much linder, ftnd beaU Qp considerably 
■Ifove the Evunoundinf* temperature, at the £junc time increatfmjc 
ootke^ly in bulk. Thi£ lasta for £onie time, during which 
hlifdiy any SO, passee off. Aft«r the sioleot gtuwing b o\'er, the 
diaig« cvntiniMb u» uilcliie quieily, giving off 80,, but ia atil) far 
more active than itA neighbor. If, finally, the ftilly roasted 
chajs* ^ taken out, cooled and rubbed down, it proves t4> contain 
«0 fkee bine at all, but \&t^ qnaniitic« of oAlrium aulphate eao 
^ dtnol^'ed out by balling in distilled water. For ioiitacee. In 
gat emuple wbtrr wtrigh^ (juunlitiis vrert Uikeii of Itnu: and 
1^ oc« aeaUoDed. the final rotated materiat waa aliown to 
mmsYf 38 per eent. of CaSO^; the quAntity actually 
by water wa* W.'J per cQDt> Furtlier lC6is fthow thai 
poitioii itlll comains c'akkm jculplmte mtimately 
^inlh Iml wlpbatt-, but [iol extmctJiblc by watcf- 
% «h> tluttbt that when lead aulphidc (or other mlpliide) 
with htt aoeces of air, the lime i-s rapidly 
kvtffted inte sulphate The ^tronR ba^, lime. 
UM (^rt of "catalyzer" in the moNt vi^nni^ 
jl^ felted bcinf{ inBtmiUy oxidi7»i and oom- 
~ ' ~ I, with Ml aiTvitfg; iin evolution ef 
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*^^^1 tL&L ihti operfttioii spr^ndt rapidly acd siiU gOM on «ncr- 
^^icftlly, frvenif theeoorilkr is takenoittof tho muQle. Al0o,th« 
*' caulylM " actiou ai&rts the oxidAtbn of th« ffulpbut«s At a f4r 
Wrter tctrtpeniliir« thmn Is required when they are rrwit«d ftloiw. 

]f, ii) pUi-r uf lime, ve i^e an equlvalfnt veiglit of pure 
«!Al(riuiii CAii>uii:Lt« acid ujltmately mix it with ore> wo obtun 
juri ibc Mine Dctior}. only it takee a litlle longcir to start it. On^e 
frtofted, it id abnoat ad vigoroQa and rapid, and wilh the sam« 
mtilu. U doet not icern forr«cl to assume (a£ is usually done) 
that thff rarbonute has firat to be derampoAed by lieai, the lime 
then cninlxiK into acthm. The rtacticm commences in oo ahurb a 
titne and while the choree b aLill m ccn>I, that no appreciable 
drivliiK off of CO, by heat only uari huvo taken place. Tho 
main liberation of the CO, occutH duHnff tho vigorotia exothermic 
oxidation of the mixture, and i» rrilneldent with the convention 
of the CaO into CiiSO,- 

If, in place cf lime or its carbonate* ytt une a corrapondiDj; 
quantity i:>f pure calcium sulphate and mix it with the ore, wo 
see v*ry cnrrRirnc roasting in Ihia voMi ulan, with copioux evolu- 
tion of sulphur dioxiile, only it, itt much more ^-rrrgetif and rapid 
andoeciireat a lower temponiture than in thecaseofa i^ompanJon 
cliaige of ore alone, 

It ia very cnmly dcmondtratod that the CaSO^ in contact with 
the Mill unoocidisted ore (whether it hag been introdueod ro&dy 
or km bci^ formed fmm lime or limestone added) greatly 
i'tilttfijrther rotu<iiM^, in ariing as a "rarrter* and ^ii^btirig 
calcination to take place moie rapidly aod easily and at a lower 
temperature than would otherwise be the caac. 

Tho rceuh of iheflc cxperimcntu ^whether we mix the ore 
with CaO. CaCOj. or CaSOJ irt that we arrive with great ease 
and rapidity at a nearly de»d-sweet roatt. T1ie lime !« converted 
into sulphate, and the lead partly to sulphate auii partly to 
oxide. Two examples out of ecvcral, both from the above ore, 
gave results as follows: 

No. I — Roasted with 20 per cent CaCO^ (* tr? per eent, 
CaO): sulphide" wilphur, 0.02 per rent., sulphate sulphur, 9-30 
per cent-i total sulphur, 9.32 per ccut. 

No. 8 — Roa&tod with 27.2 per cent. CaSO^ C- II. per cent. 
CaOl; aulpkide sulphur, 0.05 per c^nt.: sulphate sulphur, IL29 
P«r cent.; total auZphur, liM per cent. 
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H t1k«se calcinevi prixlucls an? dow tutimalelx mixed with 
additional silica (in about tphc proportions Ufled in the Huntir^- 
ton-Ueberloiii process) and etronj^ly heated, fritting U brought 
about and the sulphur content t« reduced by the docompoaitioa 
of the sulphates by the mtlna^ Thui^, the multaot material of 
t*xp«rtment No. 1> above, whiro treated In thia manner wiih 
ittrong heat for throe houn), woe eiotered to a man which wtm 
quite hard aad stony when cold, and which contmned 6.75 per 
oont. of total sulphur. Longer heating drives out more sulphur, 
but a very long time is i^ulred; in fu maces , aad OH a large ii>tHe. 
it iM with great difficulty and cont that a product can be obtained 
oomporable with that which is rapidly and cheaply turned out 
from the "convertcra" of the now procc;^. 

To return to the Huntington-Heberiein proceea, working, foe 
example, on an ore more or less like the one given above, w« 
may Httsuine that, during the comparatively aht^rt preltminary 
ri»artt, the Ume is all rapidly converted intti CaSO, and that xnne 
PbSO. i« him formed (but not mucb> aa the mixture to be trana- 
ft^rred from the furnace to the converter requires not less than 
6 to S per cent, of sulphur to be stUl prceont as sulphide, in order 
that the following operation may work at \t» beat). As the 
bloat [lemieateH the mooci, uxidatinn \e energetic; no doubt that 
Ca80« here plays a very important port as a carrier of oxygen, 
in the aarae manner as we eon see it aot on a ecorifter or on the 
b«arth of a furnace. 

Wimt the later reacUona are does not seem so clear. Tbey 
ftff^ quilu ilifferant fnirn thoHt? on the scorifier or on the npon 
heeith of afurnacen andrcnult in the rapid formation (in successive 
layora of the mixture, from the bottom upward) of largo amounts 
of lead oxide, fluxing the silica and other constituents to a morr 
or low Nlaggy rnuaa, which deccimpoMes the sulphates and i%kt* 
up tlie CaO into a DriiiiplBX aud eiLsily fused silicate. It is trae 
liiat, oa a whole, the contents of a wdl-worked converter ore 
ttovor very hot, but locally (in the rc^iooEi where the progreaairc 
mirtiob aud docoinposition from below upward is going on) the 
leanpwiUure reairhtxl ia contildemble. Thin formation of lead 
AxMe la so prnmiuiiiir^d at timea LhtLt ohk may see m the final 
^wlurt considerable quautitiea of pure uncombined litharge. 

Whim the work ia suoccaafuL, the maa^ discharged frcim the 
^wxwlvr* la a baeic «dicate of PbO, CaO, and oxides of other 
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m«t^ prcBMii. Mnd neoriy M the nutpb^tat bave disAppMrad, 
A Uiigt pie«< of yollow product (vrhifh vmt IaIcvq from k w«U< 
worked converter) con(jun<Hj i>nly LI prr mit. **( UAn} niiL- 
pliur. 

It niAy be that cAJcium pLumlMUc i« formed *&d pUyB a pikrt 
in tbod reftctione; but iU pmottce wt^uJd bo dtfiioult to provo, 
sod itB fonoation iLnd cxbic«nc« during th4«» atnjtrsi would lui^ 
be easy to explntn. Xrithrr dnfw U Mn-m ncmmry-, bm llw wbolo 
^ C hiiijj &{jp(t&ra to be capable of GxpUoAtioD without it. 
^K lAliile the mixlUTf in the coDvcrtcr \s ni\U dr>' ^^d loove, 
^dier|!;Gtkc oicidation of the fiuJphidcs goos on, with the JntDrvontion 
of the CaSO^ as r cftrmr. As sooa as the heat ram «vific»CQUy, 
flludng commences if ji pv^T} layer mii Kulpbalw arr HocompoMd. 
^^iuo liberated sulptiuric anhydride, at tbe lo^rally bigh tonpctatm 
^Bnd under tbe eufltinn coDditioiifl, will »ct with the greatevt 
poitaiblo v^^roD tho eulpbides io theftdjaOQCkt laj'crs; ihpeQ layora 
will then Lu their turn flax nnd ftot on th08e above them, till th« 
whole charge fs worked out. The ooKirnn of ore is of ooosiderablo 
hight, miLiiniL); u blaat of L} lb., or j^rhupa mote, lu the larger 
cuiiverterv no* uflod. Thifl prewurc of tUe oiJdieing blaat (and 
ol the far more powerfully oxidittci; sulphuric anhydride, con* 
UnuouAly Muf^ libomtod within themtmof ore, locally very hot) 
eonftttutea a tLttally dlfTereur. aet of condilion^ from those ob< 
tftiDu] on L}i«* hututit uf a fumar« with the ore in thin Uyvm, 
where tt b neither ao liol nor under any presfiure. It ui to 
tbooc conditiona, in which we have tbe continued intcn:tc ootion 
of Kd hot Bulphunr anhydride under a conBidemblo preeaure 
ttogctl^et with the earlier aettouof the CuSO,), that the remark- 
able effic^ieiicy of llm proce*s seems to nie Uj hv due, 
^K In the Cannlcliar^l process, the prc^iininnty nMMni in done 
^Vhray with* CaSO^ being adJe<) directly instcfid of bavinjc to be 
fomiod during the opcmtion from CaU and the oxidized HUlphur 
of the ore. Tlie charge in the converter huf* to bo started by 
hrnl supplied to it, and Llie work then goes forwnni (in thi? narnK 
lines AM ill the HunttDgtnn-Hebrrlcin prot^esSr ao that we may 
aRiiimc that the rcactiona are the same and come under the 
^aamtr oxplanuLion, 

^B Carmichud wan quiek to aocs what was really an important 
^^part and a coirevt ^-xptiiniLtion «f the original proi^tHH. He wm 
tut nulled by wiunit theory about any mythical calcium jxsnixide, 
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and so he obtained his patent for the use of CaSO^ and the dia- 
penBtng of the roast in a furnace. 

This process would always be limited in its application by the 
comparative rarity of cheap supplies of gypsum, but it appeare 
to be a great success at Broken Hill; there it ia not only of im* 
portance m working the ieady ores, but also for making sulphuric 
acid for the new treatment of mixed sulphides by the Delprat 
and Potter methods. For this purpose, the use of CaSO^ will 
have the additional advantage that the mixture to be worked in 
the converter will contain not only the sulphur of the ore, but 
also that of the added gypsum; on decomposition, it will yield 
stronger gasee for the lead chambers of the acid plant. 

Finally comes the Savelsberg patent, which ia the simplest of 
all; not only ike the Carmichael process) avoiding the preliminary 
roast with its extra plant, but also not requiring the use of ready- 
made CaSO^t as it uses raw ore and limestone directly in the 
converter. 1 have no knowledge as to actual results of this 
process; and, so far as I am awaro, nothing on the subject has 
been published. But Professor Borchera evidently has some infor- 
mation about it, and regards it as the most successful of the 
methods of carrying out the new ideas. On the face of it, there 
seems no reason why it should not attain all the results desiredp 
as the chemical and physical actions of the CaO, and of the 
CaSOf formed from it, should come into play in the same manner 
and in the same order as in the original process; as it is carried 
out in the identical converter used by Huntington and Heberlein, 
the final reactions (as suggested above) will take place under the 
same conditions as to continuous decomposition urtder cormdercbU 
heat arid pressure^ which I regard as the most vital part of the 
whole matter. 

It is well to emphasize ag^n the fact that the idea, and the 
means of obtaining these vital conditions, owe their origination 
to Huntington and Heberldn. 
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It ifl welt known Uiat tho procen of roaftling tead oras in 

revcrbcnitory furoftCfl proceeds in v&rious ways accordiDg to 

xh^ composition of tho ore in <iumtioa. Thus in routing a 

L^iilphUl« ktd ore rich in nhca, <»n9 of the rwictions is; 



PhS + 30 - PbO + 80,, 



But this reftotfon i» mcompktc, for (lie j^uactt which paaa on in 
ihe furaaee uro Hch in J^O, and in SO^. AnU ao U is found that 
A)iAt«vef lead oxide l* formed pa^ea over almost immediately 
bilu kiad bulplmle, nr^i-Efrdiiig to the rmuLiiin: 



W 



PbO + S0» + - PbSO,. 



Thin reaction i< the chief one whioh tnkw* plnct?. Whether 
the «ilicioui £AruEiic rtcrvc* wi n cAlnly^fir for the tinlphLir dioxidct 
or whether it itorvoc merely to kcop the fcalunn fipen to tho uotion 
of Ihft gftMtt, the end notult of Uie roiut in lUuulEy t!i<f formutlon 
Irari >titp}inh< JitTtiriling In ihe tUiovj* rirjifHion- 
In the tiLtr nf nn nrc rich in gidnim, n »low ronat \x AnentUVj 
It is de«ircd to hckvc the following reaction Miice pitice during 
10 Utter pen of the roust : 

PbS ■*- 3PbS0, = 4PbO + 4SO,. 

New, if the hcatinj; were too rapid, not enough lead ^titphate 
wcmid bo found in nutrt with the unaltered galena. The quick 
rouiling of a rirh ore wrudd nnult ia the «atrly aiutcim^ of the 
(harg^e, and sintering prevents the further formation of lead 
^pbate. Whether this eintcHns (which takes place «o eftdly 
ftod whioh b BO harmfvU in llie latter part of the proc««) ia dm 

<Ab«nct of a pnpcr b AttUttar^. 11. tS, Bcpt. 33. t90S. p- 4>}, 
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to tli« low melUt^ pcnut of (he leat! sulpTiide, wliether the lii 
evolved by the miction 

Pb8 + 30 - PbO + 80i 

ii Hiijfir.irnt in m«lt tho Iriul Au]p]]i4lc. or wh^ber olhrr thenno- 
chemical effect* (notably the proliminitry etilpheil icing of the 
lead sulphide) w»mc into piny, must for the pr^-scnt I* undecided. 
Sulfiro it to Kfty that tho luntonng of the charge works d^izkit i 
good roOJit.. 

In the- Tamowit?^ proopNi h liefinitrf amount of Ip^d siilphidr? 
{$ CiMivcrlcd into lead nulphate by a preliminary ro&«t. The 
sulphate Iheo reoete with the unaltered lead sulphidci ftnd mcMUic 
toad i» mt freo, thus: 

PbS 4- PbaO, - 2Pli + 280,. 

But when a vc-ry little of the sulphide has been transf(imi«d 
intti KiilphHli<, and u^hen there i^ so little of ihc latter pn^senl that 
only fi Mnall amount of lead sulphide can he redutrod to tnctallw 
lead, the mass d nrc begins lo sinter and groir posly. Very little 
lead could bo formed wore it not for tho addition of cnishod limo 
to the charge just tKiforo tho sintering begins. Thit Umo break* 
up the charge uud c/miU it, prevents jLny sintering, and atlom 
the L^iilmued fi^rmation of lead sulphate. 

It ecorccly can bo held that the lime has any chemical effect 
ia fonuing lead euiphato, or in forming a hypothetical compound 
of lead and i^olrium. Even if such thf*oriee were tooablc from a 
phyaico-ehemiral point of vmw, Ihey would holns^ed in impor- 
tance by the faet that other eub^lanecs, auch aa piuploore or 
puddlo cinder, act juat aa well &a the lime. 

Thoro are now to bo mentioned aovcral now pfOoeoooB ol 
lead-ore roasting whose operationfi fall ao for outside tho eommoQ 
ideas on the subject that their investigation is full of interests 
Fur a lui^g time the alteftipt ]iml been rtiade to pnxluce lead 
directly by blowing air througti lead eulphlde in a maimer analo- 
gous to the production of bea*icmer ototl ot tho couvortin^ of 
copper matto. In the oa^ of the lead sulphide, the oxidalion 
of the sulphur was to funxish the heat neoeaaary to carry on the 
process. 

Aftor many attempta along thia Mae, Antonin Gerniot 
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^bod vrberelnr by b^owini; air Uuoi^h molten 
metaUk lead k obtalamL^ About 60 per cent, of & pre- 
miHljr indinl ir)i»rge of gaJens is mblJnieJ »> lojul Milphide, tjxd 
liw rQ4 rvDuun^ behind vm nicUUic lend- Tlic dJMdvaBU^ea of 
^ S^rootm urc the difficulties of collecting &1I of the fliibUmAt« 
lod of working; it up. Moreover, it ~a Uiipc«^blc u yet to eecure 
txo products of which oM \6 ailver-fre^ and the other eiJver- 
l4ahDg. The ■i1\'er vfclu«e are Id both the nifl&llic lead and in 
^v^fluUioifid leiut «tk]phide. 

^B While the {jniceBB Jual deaoribnl uiiAucrfi fur pur« (^aleim, it 
HUs vith one wliich coutaiii about 10 per cent* of gangue. In 
'm thee of such orw. they form a noa-homogeaeouB nmae when 
malt«d, and th« UbbC peiMtr«tea the charge with difliculi^. If 
the prcBaure Ia increaaed the nir forces \ise\i out through tul)^ 
Hiid Guuila which it ui&kes fur itbelf. and the chiu^ frtctm ttTt>uiid 
iheoc poMac^i. 

McMani. Uuntii^on tmd HcbeHein have gone a little farther, 
Althotifth they are unable to obtmu tiietullic lead directly, they 
prepaxc the ore Katutfactority for aiikeltlriK in fhe blaet furnace, 
after tlirir rirufiliiig; bi coiupltl*!*!. The inventors fi;uiid ihal if 
lobd .*ai]phi<lc u) mixed witli crushed liine> heated with acceaa of 
-, and tben cbarKcd into a converter and blowr], the aulphur \e 
ly rernovMl in the fonn of sulphur di^MCtde. The oborge, 
dh'ided by i)\e Umc, remainsi upen uniformly ta the puMnage 
c^ air, tuid sinters only whrni iht? Hulphur Is uliimnat^d. 

TTie inventors announce, m the theory cf thetr proceas, that 
ai 7W dcg. C- the lime formn a dioxide of ctAloium (CaO,) which 
at 500 deg- C. breaks down into lime (CaO) and nueeent oxygen- 
Thh nadcent oxygen oxldiicar the lead avilphide to lead lulphato 
aocovdin^ to the reiu^tipn: 

PbS + 40 - PhSO,. 

FttHMnnore it is cliumed that the hoat evolved by this ln«t 
roaction ie large enough lo «tart and k«>«p in operation a woond 
tiort, naruely 

Pb8 + PbSO, - 2PbO -f- 2,S0>- 

, as just mentioned, cannot be Accepted, and some of 
Ihe reaaons Iciadiug to its rejection will be ^von. 

This tnctbod a dwnl^ funhor on in tbU book. 
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It is well established that the simpte heatping of Ume with 
access of air will not result in further oxidation of the calciunL 
The dioxide of calcium cannot be formed even by heating lime 
to incandescence in an atmosphere of oxygen, nor by fuBing tinw 
with potassium chlorate, Moreovefi calcium stands very near 
barium in the periodic system. And as the dioxide of barimn 
is formed at a low temperature and breaks up oo continued 
heatingi it seema absurd to suppose that the dioxide of calcium 
would act in exactly the opposite manner. Moreover, a con^- 
eration of the thermo-chemical effects will disclose more incon- 
sistencies in the ideas of the inventors. The breaking up of 
CaO, into CaO and is accompanied by the evolution of 12 cal. 
The reaction of the oxygen (thus supposed to be liberated) upon 
the lead sulphide is strongly exothermic, giving up 195.4 cal. 
So much heat is produced by the^ two reactions that, if the ideas 
of the inventors were true, the further breaking up of the calcium 
dioxide would stop, as the whole charge would be above 500 
deg. C^ It appearSi then, that the explanations suggested by 
Messrs. Huntington and Heberlein are untrue. 

In the usual roasting process, as carried out in reverberatory 
furnaces, it is well established that the gangue, and whatever 
other substances are added to the ore, prevent mechanical locking 
up of charge particles, since they stop Bintering. It is not at all 
improbable that in the new roasting process the chief, if not the 
only, part played by the lime is the same as that played by the 
gangue in reverberatory-fumace roasting. A few observations 
leading to this belief will be given. 

It is known that other substances will answer just as well as 
lime in this new roasting process. Such substances are manganese 
and iron oxides- Not only these two substances, but in fact any 
substance which answers the purpose of diminishing the local 
strong evolution of heat, due to the reaction: 

PbS + 30 - PbO + SO,, 

serves just as well as the lime. This fact is proved by exhaustive 
experiments in which mixtures of lead sulphide on the one hand* 
and quartz, criished lead slags, iron slags, crushed iron oreSi 
crushed copper slags, etc., on the other hand, were used for 
l>lowing^ All these substances are such that any chemical action^ 
analo^oxjs to the splitting up of CaOj, or the formation of plum- 
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How the Iwst \hm Snsud ^r be 
there H, in ihnnlrtBfnni pwpf- 1^ 

FU-3Fb60. -4FbO- *80j - ISTtaL 

Hoiee if thae cotdd be obtsJMsd s anma e of lad wi^ide 
ud vi ksd snfphrte a ibe pninroaas **— '**»'*«^ br ibe sbore 
metioo. then aieb s BMiat e oc^i lo be biovn w mtsrfu flT 
to lead oxide wiEbawt tbe — tliein- gf ^qj Mbo- eafansxm. 
Soeh ft fCOtiM hss. m fscc. be^ esmed ooi. Tike otipnsl 
ploM k bested osii tbe requir e d szaovni of lesd ndphsM hss 
been fofined, Tben tl« mcctvre of ksd ■t>|*ii** umI of feed 
mjphste ■ tiBurfaied to s eonmter sod bkwn snutsEfuDy 
withoot the sddona <tf sar other snbetsoceL 

The sdsptsfaSitT of sa ore to the pgo t e sa jut mmtJoDed 
d^ewb on the coA «tf the prclinussrr rosst sad the thonraghnett 
with vhkfa it Dxm be done. As m kaowa. when lead ratphide 
■ bested vitb scces of sir. it is rerr cser to form siaioed inenB- 
tstkot of lead sulphste. If these iatuKtatioos sre not ttfokea 
iq». or if tbcir formation n not prevented by diligent rsbbling. 
the fnnher sfeesi of sir to the mss is prevented sad the oxkls- 
lion oi tfce Aatv^ itops- If <tfcs «iih sorh iDrmstatiDii^ sie 
pboed in the converter viibom being crushed, they remsia 
DssheTod br the btowixnc^ If tbe inenistatiOQB sre too numeroua 
the eonvertiEg beeonm » fvlnre- 

It bss been fooad thst the adoptkni of roechsaicsl roa^inf; 
fiuusLCfl prevents this. Soeh fomsccs sppesr to stop tbe fte- 
qoeai Csihms of the bknring which sre due to tbe Uek of care 
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itn tli« p&rt of the workmen during the pre-ljmifi&ry rOiiatJii^- 
Mor6C»ver, in such mech&mviU inmacca a mure intimate mixture 
of tbo aulptilde with tho aulph&to k cbtamed. and th« dtgnc al 
ibe autphatieing roast is mere easily cootroUed. 

Aj% a Buitiniiirji «f the fiiL-Ui cutjtibcteit with this new bluni:!^ 
pmcne, it may be atated tbat the beet method of working zt^ 
be drtrnnined upon und ndopteci il one hb£ tn mind the fi^^* 
that thi: amount oF bubatriuco (Ume) (o bo added is dependent 
on: I, the amount of sulphur pr^eni: 2, the forms of cxid&Tlon 
of this imipltur; 3, l.hi? niTiNitnt <>t gEirigut? In the on!: 4, the fLjwclfi^ 
henls (if the gangue and of the fiubfilarice added; 5, the d^^m uf 
the preparatory roasting and heating. 

For €xaniple, with cor^centraLce which run high in suTpbnr. 
there U required either a large mnount nf Additional materia]. 
or a long preliiniiiary roast. Tlie specific heat of the mdthl 
material muat be highn and the heat evolved by the fixidation uf 
the sulphur in the preliminary roast must be dutpcncd. Oftcii^ 
times it m necessary to cool the charge partially with water 
before blowing. On the other hand, if the ore runs low in sulphur. . 
the preliminary roa^ must be whort, and the bemperature neees- I 
sary for starting the blowing rcjirlionB must l>c iiiK^urcd by heatinji 
the charge out of contact with air. Not only mwrt no flux be 
added, but oftentimea eome other sulphides must be Fupptiod io 
order that the blowing rnay be carti^ out at nir 

The oppnrtimiiy for the acquisition of more knowledge on 
this subject !« very great. It liea in the direction of seeing whether 
or not the strong local evolution of heat cannot be reduc^ by 
blowing with gasee poor in oxyj^cn rather than with air Mixlurca 
of filtered flue gaaos and of air can be made in aJmoflt any pro- 
portion, and mich nii3itur«« would have a marked efToct upon the 
pomibitity of regulating the progresi uf the oxidation of the 
various ores and oromixtuiea which are met with in practice. 
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ItETALLURGlCAI. BEHAVIOR OF LEAD SDLPHIDB 
AVD CALCIUM SULPHATE' 

Bt K O. Doslis 

To hk British patent/ for dceulphiiriting sulphide oiw. A. D, 
Cumirtutal ituies th&i a mixture of l«&d sulphide uid calcium 
nilphntR fpocu' At dull red liv&l, 8ay about 40f) dc$. C./* fomung 
IcDid tfulph&te acd calciuDi sulphide, occordb^ lo tho equation: 

Plfi + CaSO, - PbSO, + C4S. 

Judging froca thermo-chemical daia, this rt«ctloD does not 
«eom pmh^ii)!^^ According to Robertft-AuHleii,' ihe he&ta of fo^ 
tnnlKiti (in VU4igrHni-aalori«0) of tlie OifTeeecLl cumpouiida in Uxis 
equation ara &a fonoiva: PbS - 17>8: C&SO« - 318,4; PbSO« - 

I 216.2; Cos - tU. Heoce wc have the algebraic sum: 
- 17.8 - 31S.4 + '^16.2 + 92 28.(3 oal. 
A0 the Uv of maxtnium work do«B not hoJd» eiperimeat only 
can danicUf whc^thtT thu dM^oitiiHuiliun ittk&t pitma <ir nut. Thn 
loOowinft cxprrimenU werv node: 
ff^p^tn^n* 1 . — CoaruRly cryotathnc and specially pure gal«na 
waa ground to powder. Some gypNum wu powdered, and then 
o&lcined. Thi? powdered galena anti ealcmod gypEum ivcre mixed 

tin molerular ptrjjmrl inn* ( l*KS -t- CnKO J , and hoBiwi for 1 J hours 
to 400 deg, C.p in a «tream nf carboD dioxide m a platinum reatsU 
ailoefiimace» Thoteirpcraturc woe measured with a LeChaUJier 

I pyrometer. The matcriaJ w&a allowed to coci ia a curront of 
c«rbon dioxide. 
Th& mitture nhnved no «ignn of reaction Under tlie magnl- 
fj'iiig gla» the bright cube-faffs of galena could be olearljr dla- 
•TfeuOatcd bw M«tatk^. Vol. U. No. 10, 

■Bfitbli patant, No. lT,Am. San. 30, 1W3. "Imprnvfcl pntow tnr iIa- 
niJphiiruiQg nlpfatda o»ia" 

KV. C- Robortv^AtuMn. "An latnxl^ioiion to Ibe Bl^idy of Htit&Uuncy/' 
n, 1fiCp2. 
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litiHEUuhed- If uty roftction bod uken place, in ACcordMice vrttli 
%bb cqujttioQ j(iv«n &bove, tio bhghl (acm of gftkoA would hAve 

Erpfrimni 2, — A ninilar mixture w*a >low4>- h&Lltsd, jUso in 
the ol*ctric fumfttt, to ASO <leg. C. In a a£r««m of carbon <iioxtde. 
iod WW kept at tbis tc^npcndurc for on« boor. 

It v-tf obMnred that aome gnleru sublimed without ilocoro- 
pM^n, bein^ redepoeited at Ibc coldar ^tid of tbit porcelain 
bovt <T rm. long), in tbe Utnrt of snuJI ahining crjmt&k, Thr 
ICKdne wsN a mixturts of dark particlvn ai §&1riia and white 
ptttid«a of gypsum, in wbicb &o evidcboo of ouy reacUoD wv 
vinbb uodar the mioroMope. That f[*JwiA miblimoa narkodly 
below iu mdling point has alrrady bcori nnt«l by Lodin.' 

BrprrimrrU 3. — In order to drtiimiin^ whetbirr thifi invenvn 
naction taki^ plare. f»r which ihe heat of reaction ia 4- 28,0 caL.t 
the foUowinK equations are givca: 

PbSO. ^ CaS - Pb8 4^ OaSO,; 

- L>I6 -2 - 92 +■ I7.S + 31S.4 - 28. 

A mixtUTO of lewl sulphate and calcium nulphtde wu h«ated 
iu a porcdaln cr^ictble in a benxine-bii&s^n fl&mo (BarthcJ bum^). 
The matprialH verv supplied exprMsly "for scientific inv«stigs- 
liou" by the fiini, C A. F. Kablbaum. 

Tbe white mixture turned dark and preoenbly aasuued the 
color which would corrrepond to ita conversion into lead sulphide 
and calcium mlphate This experiment is estsy to perform. 

KxparimrM 4. — ^The aame mairrialA. fend Hiilphale and cal- 
LMRllllk sulphide, were mixed in molecular raUo (PiiZ^Oi -|-Ca8), 
ud were heated for 30 minutes to 400 dc^, C, on a pore«Uin 
boftt in the electrit^ fumacOi in a eurrent of carbon dioxide. Tbe 
mixture was allowed to cool in a streAon of carbon dioxide, and 
was withdrawn ffom i\\*}i Hirnace the next day (the etperiment 
bavins bMn made in the evening). 

Ttic mixturr showed a dark coloration, similar to that of tine 
last experiment; but a few white particlce were still rr>C4)gni<Hble. 
The muteriul in the boal nnelled of hydrogen sulphide. 

Kt^paimrrU 5 — A mixture of pure galena and oalclned 
gypeum, in molecular ratio (?bS 4-Cu£0,), waa [jfaced on a 

>A. IMU\, Campifg rendu, ISM. CXX, IHH-UttT; Btrg. a. iliktmm. 
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covered ATonlkTr luul iiitruduced mto Oi« hoL inufll« of zi petroleum 
fumucf. :il 70(» to 800 drg- C. Tbe t^oipmilurr wu then raiwd 
to 1 100 de^. a 

Ftom 6 i- of th« mixture a dftric-ftruj poTt>i» cAko w«i|;buic 

3.7 wod ihue cbt&incid. TtKrrr wu muiw godncompoaed g^paum 

prai^t, t«n>gDi»able under thr mjignifTln^ gUsi. Ko metallic 

load hiid vcpdirHted out. When hot hydmcMonc tcid w«s poured 

fivrr ihi- mixlijn?. iL evolved hydrogeu «u]p1ude. Thr frfti^turr* 

of tbc c&kc fih4>wcd molat«d «hming apot^. The fuppoculioo lh«t 

h «u mdtcd or sublimed galcua vioa foufira^cd by tbc &q)cct cf 

tho coko 9'hDn cut with & knife; the eurface showed th<» typical 

ippoftrui<;e of thtf cut Hurfbce of nielied galeau. On cuttings the 

e»k« wftn found to hn brittlir, with li tendency to ^rnrnihlF- On 

boUatg with acetic acid, a UtUo lend went into aolutiOD. Wetting 

ititli wvtcr did not chjin^c the color of tbe cntihcd Cftk«, 

B Experiment 6. — In bis experimeute for determining tbe 

^LmlUng point of gfllena. Lodin ' found that, in atldhion to its 

^Pttolhtrnticin at. u nriEipnrtttively U»w tcEnpi*ratiin\ rhe g&lena also 

ufidcr^oftf oxidation if c&rlKin dioxide i» afie>(l a« the "iietilral" 

atmo«phcrc I»din wa4 therefore compelled to use a etreani of 

utrogen in hii determination of the melting point of gidcna. 

■ Now the temporAtiire cf exponment 2 (8S0 deg. C), dcdcnbed 
herctofor<^ w nut »u< high aa The meUing point of g&lenti (which 
liee between 930 and 040 dcjc- 0.); Ihcr'-fore ^.x^rniut^nt 2 wwi 
repeated in % atrv^am of nitrogen, so qa to ineure a renlly neutral 
auno«phera A miTiture of galena and calcined gypnnn in mole- 
ntio [PhS + CpSO«) wm heated to 8&0 deg. C, wae kept at 
dl tein|icrnlum for one hoiir^ an<l allowed to cool, the entire 
btion \mi\\% t^urric^I out in n stre-am of nitrogen. 
Aflitin, galena had Bublimcd away fron:i the holler end of tbe 
tiain bnnt {6.5 cm. lon^). and bad been partially depoailcd 
>the form of fonall crystals of lead eulphide at the cold«r eikd. 
The mjitrrial in thn IwiaT consisted of a mixturp of partielcp having 
tbe dark ctihkr of galena, and nlheni with the white cotor of gyp- 
lum. the original cryetaU of gypaiUD and the bright eurfacte of 
the lead sulphide being difitinclly reeogntsable under the ntagni- 
'y*** R*^*^- The loiiK in weight waa 1 .0 per ecnl, 

Brperimtni 7, — For the *ame rea*»on an in 2, potperiment. B 
"was ^fio re|>ejtted, u*ing a current of nitrogen. A mixture of 
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iCAlc«iA Aod calcmed gypHum, in molctnjiar ratio (PbS + CaSO«) 
wa« heftt«d in n poix^pl&iD boat u^ 1030 d«g. C-, in a pUtinum- 
ro^lvictt funiiit^e, aud ftllan-n) to cool, l>«ing siurroiiiuled by a 
«trcHni nf iiitntj^tm Uurliig the whole period. 

Some AuUiiniitbn of )e&d dulpbide a^uui took place. The 
mixture van nrcit to conabtt of while purtkk^ of A3'p^um, and 
others diirk, like fcalonu. 'thit \otta m woij^tit wh-h 3,& per ocQt. 
Thfl mixture hud ^iktnrtyl tU|(tiLh<^r£ti^h1ly; with hot hydrocblonc 
iu;id, il vvolvt^l hy^lnt^rn nuljiliidEv On Iviilin^ with wv^ic itcld. 
ti litUi lr-j«l (only a trace) went into aoIuI'loq- There wui, 
therefore* practically no lend oxide preaeni; no met&Uic lead had 
eopar&ted otit. 

KxpmmtrU 8, — In o-vpwimmit 3, I^d sulphate and calcium 
Kiilphide were miKod miigh?y and by hand (le, not nrpighed out 
in molecular ratio): in tbifl expL^rimenb such a Toixiure of tead 
flUlph&te and calcium sulphide in molecular ratio fPbSO^ -f CaS) 
was he&tod ill a poreclaln crucible in n hcazmo-bxiuscix flame. 
It presently turned dark, and a dark gray product wms obt&ined, 
us in the former experiment. 

Expe^riiHenl 9. — In a mixture of lend eulphate and arxlium 
sulphide lu moleculur rutlo {PliHOt -t- Na^, the coiidtUuciita 
react directly on mbbinfi; together in a purct'lmii mortar. The 
motfti tumo ditrk ^ruy. with fonrmtion of leud eu]{>hide tkud rHxtium 
tflulphato, 

ir A Ain\\Ur mixture Ifi ha:ited» U alflo turns dark gray. On 
lixiviulion witb naler, u Hulutioti in obtained livhich t^ives ft denoe 
white preGipitate witli barium chloride. 

Experiment 10. — If loud duJphuto and calciun: sulphide ore 
rubbed together in a morlur, the rnu^sfi turns v, f^yUh^black. 

Ccnctuaifm. — li'rom th«e experinienlJi t infer that t^ 
reuAtlon 

PbS + CnSO, - PbSO, + OftS 



doM not take plaoa, but, on the enntrury, that when Icftd suiphato 
and cfllciium sulphide ure brought tfigether, the tendency b to 
lurm Icjkd sulphrijc and culclum siilpliatc 

Neveribclcas, on heating a mlxtuic of galena and gypsum in 
eentaot with air, lead sulphate will be formed alonjE with load 
oxide; not, however, owing to any double decern position of tbft 
f^alena with tlie gypaum, but rather to the foriDation of lead 
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sulphate from lead oxide and aulphuhc acid produced by caUlyiis, 
thua; 

PbO + SO, + O - PbSO,. 

Tbia is the well-known proceaa which always tatea place ia 
roasting galenaj the explanation of which was familiar to Carl 
Friedricb Flattner. That the presence of gypaum has any 
chemicid influence on this process seems to be out of the question 
According to the above experiments* 



THE HUHTinGTOn HEBERLEm PROCESS 
B¥ Donald Clakx 

Ti^e proi^ess wna patented iu 1^97, mid ih bttdol 4m tin* f^rL 
thut xilI^ha cnn t>c ilcnulphimMHl by mixing il vrttli lime laui 
blowing a rurront i>f uir Uirou;;h tbc mixture^ If the teznperftture 
irt dull rcci ut tho tft4^n, m> udditicuial af>uro€ of hoat la neoflfiauy. 
bocikiud the ronction cau^tes a gre^t rba ic t^mperatUK. The 
i^htTOiJHLry of t.hi* |>r(u'i<->«i i^ttniiiit lit? etM at lirwtnl U> have liran 
worWl i»uL ill (IrUiil 

The rcjictinns given by the pfttcninCA njc not aatiftfutory, since 
coJoiura dioxiflc is rL:trinod anly ui low tanpcraturcs and ia rouLUy 
ti»rompcuiA(J on gently wurniing iL: leml oxide, howover, eombSocf 
with (ixyRCt^ iiinler siiTlnble cuiulitioti** nl n lern}M?riiturr lurt 
exceeding 450 ilcg^ C and forciia a higher <ixid«. and it in probable 
that thifl unJtcc wilh the time to form calcium plumbntc. The 
raictioD botwccik nulphidc^ and lime when intimutcly mixed and 
h«at^ m^y b« p\it down an 

CaO + PbS - C&S + PbO. 

In contact wtt}i the air the c&lcium Hulpbide oxidisea to aulphit«, 
then to sulphate, then reaou with l^ad ox^de, giving cakiucn 
plumbate and sulphur dioxide, 

Cai^O, + Pi)O=CuPb0, + SO,. 

Further, colcium sulphate will also react with galena, Kivinf? 
ealcLum iulphidi> and Ivad Mulphale; the calcium sulphide is cxi- 
disedi by iiir tilown through, ia calcium nidphate u^ain, the 
ultimate rcoctiun being 

CadO« -I- PbS + - CaPbO, 4- SC^. 



Id all cawe the action ii oxidising aod desulphuriiiDg. 
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Ulffi-ROAffriNQ or GAIJIN'A |4£ 

IdokkI that ozidw of iron aad tnnn^&ncM will, to a Aen^in «xt«nt, 
» Ui« HUTW parptiotp jw limi?, nnd cm appliraiion to complex 
«K», Mp«ein]lT thoM ci>nt«uiir;|c much bkndc. that tluou* mnj 
faA demilphuriMd » i^^lf ui caIoi^ In the com of uiic aulpliide 
Ibe dvcompOAtion u probubh- dui^ to the interaction of sulphide 
ind ntlpb»t«, 

ZttS -f 3Zn»0. - 4ZnO + 480^ 

The pTDcesB bM now been ^dopl^ br ifae Broken Hill Propm- 
taiy Conptttty At he work4 ftt FoH I^ne, tbo TumuuAn firadtlng 
Compftby, li^^n, th« FramMifle Smelling Works, We«t Axi^ 
tralbi, Aiul the Sulphide CorporAtk>D*8 vorks ut Cockle Cre«k, 
Ve« South Wal««. 

The op«ntioii0 carried tm at the TftsnaniA Smelting Wi>ika 
ftimpnae mixing pulverised limefitonei galena and etug-mttking 
materiala and LniToductug the rhixture either ihto hand^rabbled 
leverbemtohtifl or mei<hurtk-»l fumn^t^ vihU routing heaithB. 
After a niaftt. during wUich the matenalA have benjme iM?tI 
Koxtd and moet of the Umfelone converted into 5u!phat<; and 
about ball of the sulphur expelled^ the grAnult^r product m run 
while still hot into the Huntuigton-Heborlein oom-x-rtera. Theio 
eovuiisl of inverted slieet-Jnin ooneu, hung on ininni^na, Ihe 
iliafM!tcr being 5 ft. 6 in. and the depth 5 ft, A pcrfiiratcil pUtc 
oir cobnder Is placed aa a diaphragm arrow the apex of the cone, 
the amall conical space belovt serving as a wind-box into which 
compr««sed air \B roroed, A hood above the converter nerve* to 
carrr aumy wju^te guaes. Aa hood sa Uie vcast^l j.t fillnl, air imder 
a prouurc of 17 ok. h foTi:ed through (he mjuv, whit^h rmpidly 
vaxma I3p, giving off sulphur dioxide ubunduntly. The tempera* 
ture nscA and the mixture luaee, and in from two to four hours 
the action is compIeteL The sulphur U reduced from JO to 
I pnr cent,, and the whole mvjM a fritted and fuioed logethfT* 
Ttir i^u&vi'rter in einptial by invnting il, when the sintered miMS 
faUn out and \a broken up and oent to the omcltc^a. There are 
]2 convtrion, tjf the; ciixo indicated, for the two mechamcol 
funiaceai, of IS ft- tlivmeter. Lar^gcr converters of the Game 
t3rp«; were em:t«d to duii willi Uie product from the hand-rabbled 
roasU^rv. 

At Cockk Creek, New Houih Wales, the galcaa concentrate 

ladiMod to 1.5 mm., mt>n> than 60 per cent* of tbe material 
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beinR Guor; the lLm«§Uine ie oruabed dowit to from 10 to 16 meeh; 
ftiltc&UalaoaddBd, if itdoe^not exist in thBorerSoth&i.exdUftiBg 
th<* Ifjui, tilt rtwL Iff the hi%nes will be in fiiioh proportioii as to 
fonn JL alug running abi>ut 20 per ceat< 9JlJc&. The mixtura may 
contain from :^ to 50 per cent, lead, and from 6 to per ccni. 
lime; if too much llmo is udded the tnal product tg powdcfy, 
in«tcud of bekDff b a fused condition. This is given a preliminary 
mjist ill a OiidfrHy furiimr^?^ 

The Godfrey fiirmicc in chomctemftd by a rotaling, circular 
henrth and » h>w donio-ahapcd r<H>r^ Ore tA fod tbiousb a 
hopper at ihc C(?nler and ddleciod outward by bladtt 
attached to a fixed radijil anru At each r^volutlcm tlic ot« 
is turned «vpr and moved oulnurO, i\w. mtjuut tif ilrnpctioji of 
the blades, which are ndjuetabk, and nle of rotatioa of Lbe 
heartb, determining the output. 

The hot semi-roneted ore is diitchargod through a liot at 
the circumference of the roitslor. Thiti nmy c^onlaln from 12 to 
d-5 per ccat, of sulphur, but fmm d.^ tn 8 per miL i> hold to be 
tlie moat suitable quantity for the «ub»c<|uent opemtiona. Hior* 
ou^h miscinK ia of the utmost importance, tor if thiA ia not douo 
the mnffi will "volcnno" in the oonvcrt«r; that a«, ehannola will 
form in the miuuc through which the k%m^ will caeape, leaving 
himps of uritout'hcd matenn-l jdongnidc- The ai:tioD can be 
dtartcd if s little rod-hot ore is run into the coavcrtCT and cold 
ore placed above it^ the whole mM& -mW become heated up, and 
the product* will fuse, and sinter into a homogonaoua warn 
showing none t^i the original tngrcdienta. At Cockle Qnnk the 
time taken is stated to be live hours; a small air-preesure is turned 
on at £rat, and ultimalely it is increased to 20 os. 

Opcrstions at Port Ptric are conducted on a much UrRor 
aoale. A mi?cture of pulverized galena, powdery laneetono, tno- 
Btone and sand is fed into Ropp fumaoes, of which thcffc are five, 
by meaoH of a fluted roll pTiured at the haaa of a ho|>per. Each 
roaster deals with 100 tons of the mixture in 24 houra. About 
£0 per cent, of the sulphur is elimiaatod from the ore by tht 
Ropps (the galena in this case being admixed with a lar|-e auMHmt 
of blende, fhere being only 9!V per tlOiU of lead and 10 per oent. 
of sine in llie concentrate produced at the Prc^>rietar3F mine)- 
The liot ore from the roasterv is tnudted to the convcrtera. tlicre 
boine 17 of tboeo ranged in Um, Tbe eonvcftera hae ar 
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flc^meatai cu^iron pot^ huikg od tmatiiora; eodi m nbout 8 ft- 
diameUr and 6 ft. dcop, and holds on H-Con ihargo. At ttbowt 
t>^o feet fr<»m the bottom ^n unouliir p<^onitcd plftt« fitd hoii- 
lODtally^ A ^h^llow fnwtnim of n ctmi^, ti\m prrforHtiwi. rrats on 
tliia; wliile a plftle with a few pcrfomtinns clOKe» the top of the 
fnifftruiTL. The nholc flcrvca ta a wind-box. A conical hood 
with Bftn;;^ ^dicee rcet« on tb# Hanjcod odjcc# of the convcitCTi 
giving ft rioee joint. ThU hood ia providod mxh doors nhich 
^ovf tbe charge to he barred if n^er^wiry' A pipe nboui 1 ft. 
d In. diamei«r« filt«d with a toLncopic sliding arrangrnnetiL^ allows 
for tbe raieing or lowering of the hood by block and Uwkle, and 
thus enahlea the converter to bo tilted up nnd its product£ emptied. 
The caal'iron pots stand very welt; they cnwk sometu&ee, but 
th«y can be pat^lied up with an iron strap and rivets. Only two 
pota have been lost In 18 months. 

Air ent«rv at a preMurc of about 24 ot. &nd tbe time takirti 

r convemoti is about four boors. The sulphur contentfi arc 

roduoed to about threo per oent. It is fotrnd tJiat the top of tho 

chftJBe Is not eo well converted as the Interior. There is pmo- 

lleslly no loos of lead or silver due to i'olait]i£H.t,ton and very 

ttic ilue to cHcapt? of zinc. It luui tdaa been found that pnu:ticn1]y 

the Itme^one fed into the ilojip is cimvertod into calcium 

phate; dIbo thiit a c*onaidcmble portion of lead bceomoa oul- 
phflt«, and it is considorcd thut lead bulphute t^^ its ciecesaiary for 
the process us gulenii- 

The vjilue of ih^r prorcaw may be juclgcd from the fnct that 
better work i^ eiow done with 8 blast furnaces tlian was dono 
with 13 before the process was ndoptcd. In addition to tho 
nntcrod product from tho HuntinRton-IIeborlotn pots, sinterod 
*lim«, obtnmcd by h^p roiu^ting. and flux cnnsJstbg of liniestone 
and ironstone, are fed into the furnaces, vihich l^ke 2000 long 
toufl per day of ore, fluxes and fuel. The nhigi now bciiig pro^ 
duced avcmec: £!5iO,H 2fi to 2S per cent,; FcO, I to 3 per cent.; 
M»0. 5 to 6,5i CaO, 16.5 to IT; ZnO, 13; Al,0., Ii,&; S, 3 to 4; 
Pb, by wet nBs^y, 1.2 to 1.5 per cent.; and Ag» 0.7 02, per ton. 
Although this compamtivHy large quantity of «u1phur remninn, 
yat DO nubttc is formed. 



THE mrinwGTOTT heb brlbtii process at 
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NotUbg^ for Aome tinie put. tuts cE;u«cd mth a «ttr in the 
metAllur^LcaJ troalmcitt of lead oro«. ftDd prtxlucod mcfa nclk«l 
changes at many load smelting worlu, u ih^ introductioa of tte 
Huntbgton^Heborleiii procfw. Thfs-protfcMi (which it mftj im 
Ttm&rk&l. iiKj^eiitally, hut giveo liso U> the inveclioc of vevenl 
simiUr proceasfisj repreMnta »q important »dv&Dce in lead 
smeltiiif;, and. now that it haa been m lui! for somo time at the 
Fiiedtichshtiue, near TftroowiiE, ia Upper Sile&ia, aod has tlicn 
undergoi^e further fcnprovemeDi in several icepecfs, a compaiipOD 
tit Uiiii proi^c^sH wUli the earlier roa^dnt- iiniutfiB ia ol iuterttft. 

At the ab^>v^iiicntioned worl:«. up to 1900 the lead ore vas 
treated cxcluaivoly d] by smeltioK in reverberatory furnacea 
iTomowititerufon), and {2) by roaatlng ia reverberatory aint«riDg- 
ruriiuo<4J (PorlttehaufelutiKiiofen), with subaequeat amelliiig of Che 
ntFi^taJ iiititfjitil in tin* ►hiift fumat'i-. Tht*. fauUir which dei«v«- 
mint^ whtH-har th« trt^tmrnt waw la l>c cFftct^d ia the revcrbcr- 
atory-ciESOituiK or in the roaatin^-t^intcnujc furnace woii the per 
centage of lead aod line in tlic orcn; thoao coinparmtivdy rich 
Ifovl AMil fu>*jr in j'mv Iwing wiirkitl up in iht* fonnirr. with partial 
priKlm^t.idu t*f pig.|c!9ul^ while thnsar jnwiwr in Iriw! anrJ riphrf in 
Bine were treated in the tatter. About twcnfiftbA of the lead orei 
annually woricof] ti\t wcr^? rharjcrd irttd the rcvcrbcratory-iiDChing 
furaacea, and thrvt^lifthfl into the »ntvriof? fiimaeoa. 

In 1900 ihcre ««re uvailabl^ JO reverh^ratory-Btnelt&ng and 
ninr wnlerinii furnaces. Thrw were worked exclus'ively by haad- 

Thc sintered product of (he rooflting fimaairee. and tlie gray 
fltag from the rc\frbcratory-Bmeltiiig fumacee, wero traDoferrod 
to the ahafi fumAc^ for fuitlier tTaaUDeot, and were tbcre^ 

im. pn^. &3«l«, IMS. LIU. U, ppL 31&-^aa 
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smelted tocher with the requisite fluxes. Eight such furnaces 
(8 m. high, ftnd 1.4 m., L6 m., and 1.8 m. respectively in diameter 
at the tuyeres), partly with three and partly with five or eight 
tuyeres, were at that time in use. 

Now that the Huntingtoa^Heberimn process has been com- 
pletely instalJed, the reverberatory-smelting furnaces have been 
shut down entirely, and the sintering furnaces also for the most 
part; all kinds of lead ore, with a single exception, are woriced up 
by the Huntington-Heberlein proccas, Irrespective of the contents 
of lead and zinc. An exceedingly small proportion of the ore 
treated, yie., the low-grade concentrate (Herdschlieche) containing 
25 to 35 per cent. Pb, is still roasted in the old sintering furnace, 
together with various between-products (such as dust, fume, 
scaffoldings, and matte); these are scorified by the aid of the high 
pwcentage of silica in the material. 

For roasting lead ores at the present time there are six round 
mechanical roasters of 0-m. diameter, one of 8-m. diameter, and 
two ordinary, stationary Huntington-Heberlein furnaces. The 
latter (which represent the primitive Huntington-Heberlein fur- 
naces, requiring manual labor) have recently been shut down, 
and will probably nev^ be used again. In the mechanical 
Huntington-Heberlein furnace, roasting of lead ore is carried only 
to such a point that a ranall portion of the lead sulphide is con- 
verted into sulphate. The desulphurization of the ore is com- 
[Jeted in the ao-called converter (made of iron, pear-shaped or 
hemispherical in form) in which the charge, up to this stage 
loosely mixed, is blown to a solid mass. 

Owing to the ready fusibility of this product (which still 
«ontuns, as a rule, up to 1.5 per cent, sulphur as sulphide), it is 
po^ble to use shaft furnaces of rather large dimensions; therefore 
• round shaft furnace (2.4 m. diameter at the tuyeres^ 7 m. high, 
toad furnished with 15 tuyeres) was built. In this furnace nearly 
the whole of the roasted ore from the Huntington-Heberlein 
converters is now emelted, some of the smaller ehaft furnaces 
b«ng used occasionally. The introduction of the new process 
has caused no noteworthy change in the subsequent treatment 
of the work-lead. 

In the following study I shall discuss the treatment of a given 
annual quantity of ore (50,000 tons), which is the actual figure 
at the Friedrichshiitte at the present time. 
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1. HccBting h'umaoeit. — A rcvorhcTraLary-AndticK fiiniufr 
Uftfd to trout 5 torn of ore In 21 hoim: u rOftit&nK-^Jntciing fun 
niu-av ft tiitiN- AruiuiiitiK thr rtii'vM prr-^ irrunly Miilitl, Uw Mi&mi 
trcAtrncitt hy tht^ fifrmnr i>nicRei wi^tiltl ht; 20/)O0 ton:*, aiKi 
the bttcr 30,000 lomt. On the boaifl of 300 iix>rkiQK <Uys 
ycAr, iinti tio prolonjcod «t«ppnga« for funtfc^ nrpoirv (th 
coiwiiimng thtr high tRmpcr»lur«N of th««c fumft«« ihU record 
woitUI )iur(]ly Iti^ rx^H^l^vi), thvmi wnuUl be requifotl: 






2OrD0a -i^ (6 X 300) - 13J (or 13 1o 14 mvoHxAL^nr fonuMn). 
30,EKKI * (H X 300) * 12^ (or 12 to 13 ntntonns runukt««). 
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The capacity of o stotionAry IIUDtin^:torE-ncbcr1da funiftce 
18 tone; hence in order bo treat tlic anmc quaDtity of orci then 
ivould bd reqiiir«id: 

50,000 -^ (IS X 300) - 0.3 (or ^UtlO Hunttnj:U>n.Hoborkcn funuoeij. 

W)Lb the revolving- hearth rooutere (of (5 m> ili&nnctcr) m>rk 
& total charge of at leihet 27 tons of ore, tfaoro would bo 

30X>0D■^ (27 X 300) « aa (oril to 1 fOiRtm). 

6tUl better j^sMhs are obtained Kvtib the ^m. round roactcq 
whioh hiift l>eeTf iu ojienktLaii for Mime time; in thia, 55 Uutt ol on 
can be ruiuiteO ^aily. Three auch furru^ee would Lbenfore suffio^^ 
for working up the whole of the ore chAr^ed per annuni. ^M 

Now, making c3ue provldion for reserve funu^ed, lo worii «]> 
5UjOUO tons of ore would r^uire: 

fUvvfljcnitQry (15) uid Bintaruw funiAC«B (15) ■-- ■ - - 30 

fltaticniuy HT]nTiij|!:ton-HiTberlmD fura&wB ... .11 

frm. revolving b«irth fnnuMCa-*--. ^ >. S 

S-iEi- re>xilv^jjft«Lcttnli lunuicat 4 

Smiilnr r<*4ati<iiv« ludd giivKl rrgArding the number of woHcnieD 
att4?ndiitR the fumarrw, then- beinK rpquin^l, daily, nix men for 
the rftvcrl>cniton' fumiKc; eight men Tir the sujlcnug funiftoe; 
teu men for the fltAtioaary; and izx men for the meehaiiical 
HuDtinjcton-Heborlrdn fumiure; or, for 14 reverbGWiiory fttmaees, 
iliulj, 84 men; f>r Mnlf-Hnit famncw. daily, 104 men? total, 
188 men. Witilcfnr lOMiHionii^y Hnntington-TIelifTlein furaacftt, 
100 men are rcquinsl; and f»r 7 nK^rKanica] lluntin^ton-Ueberlein 
fuiiimceri,diuly«-12iiwn. It it expected that onJy Mroenfwoi 
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Fta) wOl be required to run the new Installution with 
lOuteiB. 

thAt the excludoD of human labor here has been 

an extreme. The roasters and converters will be 

ively by mech&nical means; thus every contact of 

with the leftd-containing material is avoided until 

it of the roosted material in the convertera is com- 

Um dbta given above, the capacity of each individual 
b retdily determined, aa follows : With the reverbemtory- 
fnnuce, each man daily works up 0.S3 tons; with the 
furnace, 1 ton; with the stationary Huntington- Heberlein 
1.8 tons; with tlie &-m. revolving-hearth furnace, 4.5 
with ttie 8-m, revolving-hearth fumace, 11,8 tons. 

t change has also taken place in coal consumption, 
working with the reverberatory and sintering fumacee 
to Bttun the requisite temperature of 1000 d^. C.> 
required not only & comparatively high-grade coal^ 
a large quantity of it- A reverberatory furnace con- 
ot 503 kg., a sintering furnace about 287 kg,, of coal 
ore. For roasting the ore in the stationary and also 
Huntington-Heberlein furnaces, a lower tern- 
Cat most 700 d^. C.) is sufEcient, as the roasting proper 
11 effected in the converters, and the Bulphur furnishes 
lUl fuel. For this reason, the consumption of coal is 
^e comparative figures per ton of ore are as 
In the reverberatory furnace, 50.3 per cent.; in the 
furnace, 28.7 per cent.; in the stationary Huntington^ 
fumace, 10.3 per cent. ; and in the Huntington-Heberlein 
og-heartb furnace, 7.3 per cent, 
thve is another technical advantage of the Huntington- 
procesB which should be mentioned. It is well known 
T^tiliiation of lead at high temperatures is an exceed- 
routdesome factor in the running of a lead-smelting plant; 
Borery of the valuable fume is difficult, and requires con- 
a[^HiratUB, to eay nothing of the unhealthful character 
folatile lead compounds. This volatilization is of course 
llariy mariced at the high temperatures employed when 
ig with reverberatory-amelting furnaces; the same is true, 
omewhat lees d^ree, of the sintering furnaces. In conse- 



lue-ure if :te "nnrtwilT jiwcc ^tiutjaicnrg d^ vUrk Ui^ cittZEC 
s T'— ^^** -h "ng ^-^ ini-wy^ ^^- lT ifr ^y ^p r a fmuc^ aad abo cf the 
3<^aUBi- iiiME It ^tinmieciic 3b» rait n Niy rnmrntn the 
inHHirrAm. if Tome a sa -BdiJ>«d ^hoE titr ^ EMtm^ e bdveen 
-ntf -T^UB- ^mi^aai 2. tfxe lui Kui tzw an ppoc cti u \try strike 
wg ^verva^ 3i I'JiJO. in. vQEkiiic zp ^•*'**^ Mm of m in the 
:gnmtEicur7^wni'tnitig rm.-fcrft. lod IA.V^ imbs h the sntering 
fumM.-« ^ ^'^ "^os ^ aJ . ^3er« «3t J t tio igt J 3CV uhb (or 
-1 70- --sir. 40 ^untf =*]ai lae ojw 5e wim ami ^aob Aim, the 
ruaar.rj jf rmue ^euT^rciL ^ l9SfX. ^dl u> ^^ uns (or 1^ per 
MDr^ . iiir It "^M -I^JW ^>n» -^ <7c? naMtpL uvi thk iMtvith- 
icuiiiiniE ~7ig 5ttrs ^ Ti a T n. ^kie sisuiGane ^ j- iM-j'*wni*i»»ing ftppli- 
:iai^vi iiad woi riinaiiis^iT ^Epamied usi Iiii|Hu«ed. vlunby 

I.i£cl7 ^tf siu! »&£aic of ihjt «^ QD kngtr esma the aune 

^iti :-r AibiiK? <jc« ^wncumic imaA bfaikit ^ a finml wiahing 
^>:r* p r ' im w c lna ro liu lAnal BtfCAHnrtjMl treumcnt). 1b 
-^ -^trv prjmfittk zhat or«» &» smpfv nuxoi withoai itgvd to 
zii^j^ Eiij^ .-tjawnc. 1:1 ihhi ccooKCua ii b^ bem found that > 
-T.csii^rk^^ pc-jpoF^^c -x izif E*tf fttftw off wish the fame, ukd 
:-_^: :JL« ^ru^Ai r-*-j^^' t:^^:^^ ei:*atjia£ & qcKUithv' of doc so 
«— _aII '.hjj; h ::d loc^m- ftia»s uiv trouble ia the shaft furnace. 
r. 3i7 j^?b*=ec:ioofti"rLere^r.as th*ofTHiUtflsmgpUntare«ntIy 
lr-*-j^>i tr: ".::■? rrizi^ o* rpper ^(^e» fcavr r«9uhed in a mwe 
p^Tf^^r *par:i:>?a of :he bie&ie- 

.S'^jf F-AT^iam^ — 'Hv fidsfced product from the HuntingtOD- 
Hery^rlein bla^-cocvertcre ^ of a porous character, and already 
r.r,rAa.in3 a pan of ihc du:^ matoialf fuch a£ UzDestooe. ^ca and 
irfjn; Thicb are required for the shift-funiace chaise- It is just 
th'Si': iTo characteristics of the roafted product nts porous natuier 
on thft one hand, leading Co in more perfect reduriion by the 
fpjTTiace E^a^sea; and. on the other hand, the aduuxture of flujces in 
i.fif: molten ondilion. resulting in a more complete utilixation of 
fhi- i.'rmpCTfttureJ. which, together with hs higher lead and lower 
zinr r'liitt^iilj determine Us ready fusibility. If we further con- 
K)di-r rhat it i^ po^ible in the new process to make the total 
i-huru*' 'tf the shaft furnace richer in lead than formeriy (Iwo- 
Lliir'ln of the total charge as against one-third), and that a higher 
hlfiHt prf»sure can be used without danger, it foUon-s immediately 
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the espftcHy or * abA/i funuoc u much jcrttttcr bj ihe iww 
tbftD bjr tbe old mechoci ot working. Tb« lUil^ produotm 
of the ahaSi ttxrrmcm on the old and ibc r^w procen b 40 shown 
i\m t«til« givoa herewith: 



T« «r £iun 



CiuA*(na Of t.'aiM* 



0«T. 



Tom 



3 tEgrcre*, 



Ol^ <b£ frr«n rVMT- 
bmicNv funucM Mid 



IR««iilfidpmdu<?t<if Hunt-] 



an 
asioa 

M 
55 to 72 



ftlo7 

II toU 

24 to 29 



lA tityeros, . . , 



270 



» to 300 



1^1 



It ihmtid be noted thftt the ligura given Tor the fiirn&ce with 

IfttnyenBraprments the average Tor 1904; Lhi«averAgr 1» lowpred 

by the circumat&nce that during thui period there ^da frequently 

deficiency of roaelcd maLonaJ* nnd the furnikcc had to n^rk 

rith low-prewiir^ blti«!, A truer impreasLon can be gained from 

the montb of March, 1005. for ingtance. during wMcb time thi* 

Hj'um&ce worketl under iiorni&l conditionH; the rmnltfi am am 

Btoflows; 

H The average for Marcb, IW}5, was: Ore chargod. 8^^60.716 

"ions; coke. ^b'JA^l torn; total, S,\)T2.lhQ tooa. Or. in 24 houre: 
Ore charged. 26C,7G5 torn; roke, 2t 046 Ions; total, 287 SM ton«. 
The production of x^^ork-lea^I wa^ :m:{1.245 tons, or lf)l.069 tons 

^p orday. 

^B The PiHximum production of n'rtuitcd ore waa 210 toiWi on 

Htat6 30, 190&, when the totuL rharfco wok: Oro, 327.3>^ tons; 

^BbIu, 25.2 tone; totul, 352.5S ton^. The qu&nttty ot work-lead 
produced on thut day wob 120695 ton«, nhile the largntt r^uantity 
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pnviousJy producixl in one day waa 124,86 tond. H ebould also 
be montiontxt thikt ih« lead lenor of th« dufi u Almost tovahaUy 
Mow ] p«r o«9it.; It usuiOly Hea betw^n 0.3 knd 0^ p«r cent. 

Aw in t.h(? rrajw of th(- rJiuiLinf^ furmwiw, Ihi- prtkhcrtivr cftpctrit/ 
of the shaft furnnrc also corned out clairly if wo figure the number 
of furnaci^ requinKJ, on tho b&dia of an anniul coosumptioii of 
MJ,000 tomt at or«. If wo ooniiJor J ton of tho roasted material 
its ^uivatent to 1 ton of ore (which w about right la th^ oaae of 
the HuatEnjr|,(]n-Hf*bt?rli>ui lu^iti^riiil, lait U rather n. High estimate 
in the cirto of the pmtluot of th* Mrt<rring fnmarc), then, in the 
oM proccM (where on^third of the charge wu lead-bearing 
matehaJ) , V2 tons could be smelted daily. Thero would therefore 
be needed at least: 



I 
I 



50,000 -r {\2 X 300) * 14 threfr-ti]y«r« «l»ft Utn 



Sinoe, ae already meEilioned. the lead-beancR part of the 
charge eonstiTui«8 iwo-thlrds of the whole in the Uuntiii;^!]* 
Helierlem iirocew, the nunilior of shaft. furnac^Aa i>f UifTereut tyiirr*, 
ua compared with the foregoing, would figure out; 



^iLjyont nbxii fumM*. with pnxluct of alntcrLn^ fiiniuco, 50,000 + (13 X 

&-tu]rBr« ahaft funwcc, with product of tl'ialmiiton-il^bcrlein fiinuMc. 

jy>,000 - fZ4 < 300) - T fumuCT^; 
t^uy&Ttt ihatt fumjiw. with product of llunlington-iicbvrlom fumft<i>, 

AO,OUO t (iA X SIX)) - 34 (uy -t) funto*.-**; 
1&tuy<r« vliaft furrjiK«t with product of HuuEiTfi|!t4j»-HoL«riAai fumjun. 

50,000 + (IKO X 3U0J -1 FumMe. 

Running regularly and without inierniptbiif the large «baft 
furnace la therefore fully capable (if e^>J]lng with thp Huntingtan- 
Heberlein ruaatcil iiubtcrtEil at the |ire»eiit rate of pmductiint- 

Ae regarda the numlx-r tyt W[>rkmon and the pn>duct turned 
out per man, no auoli mark^l difference la produced by the intro- 
duction of the HuT>iin^.r)n-Hel>ejlc<m procc^ in the case of tho 
ehaft furnace aa there whs nottn) for t-ht^ ro»aling operation. 
Tbb la chiefly due lu l.hu fact that I lir work which roquirFs the 
tnore power fsuch as charging of the fumaec^i, conveying away 
the Bla^ and pourm^ the Iffad) oan tio executed only in part by 
mechanical meana, Ne\-ert.bd(>u. it. will be ^oon from tho table 
given hereuflth thai, on the one band, Ihv number of men required 
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for the chA^ woi^ed up is anuJler; and, od the otho', the product 
turned out per man bae risen somewhat. 



TncoF 
Smtrt 



3 tujere 

3 tuyere 

lA tuyere 



CauAcm or f^*"*» 



Sintered cotuwntntc and gray alag 

fmn icverberatory rumace. 
Gray aiag from revcrherotory fumaoo. 
HunriDgtoD-HeheHeia product. 
H iin t ingrmi - Fl« J vHci ti p ttxI u oi. 
HuDtia^u-Heberldji pnxJuct. 




A slight difference only U produced by the new process in the 
consumption of coke; the economy is a little over 1 per cent., 
the coke consumed being reduced from 9^39 per cent, to 8.17 per 
cent- of the tot&l charge. But with the high price of coke, even 
this small difference represents a considerable lovh'ering of the 
cost of production. 

With the great increase in the hiast pressure, it would be 
supposed that the lossee in fmne would be much greater than 
with the former method of working. But this is not the case; 
on the contrary, all expeiience so far shows that there is much 
Jess fume developed. In 1904, for instance, the shaft-fumace 
fume recovered in the condensing system amounted to only 
i.06 per cent, of the roasted material, or 0.64 per cent, of the 
totaJ charge, as against 2.03 and 1.0 per cent-» re6pectively» in 
former years. The observations made on the quantity of flue 
dust carried away with the gases escaping into the air through 
the stack showed that it is almost nil. 

Now, from the loss in fume being slight, from the tenor of 
lead in the sJag being low. and, on the one hand, from the quantity 
of lead-matte produced being much lees than before, while on 
the other the losses in roasting the ore are greatly reduced — 
from all these considerations, it is clear that the total yield must 
have been much improved. As a matter of fact, the yield of 
lead and silver has been increased by at least 6 to S per cent. 

Eamotixie ResidtM. — As r^ards the economical value of the 
new process, for obvious reasons no data can be furnished of the 
exact expenditure, i.e., the actual total cost of roasting and 
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vmdtiiiR the ore. But thU ml lout is plw?c«i beyond doubt 1)7 
wtml hLiM been developed Above, namely, thnt finnitiderAbld uiving 
rnuMl tH> effected m i\\e miucting, arnl ii:t|ipi:iiL]ly in the j^mellin^ 
•g crmipHr4!<] vn'tiU tbe fonDor mode of working. II vre tftke luUf 
ttooount only the economy which u gamod id wagce Llirougb th« 
inorcotfe in the mutcrid wtiob otic n^rkman oftji biutdlc, imd tlut 
reeulUn^ from the reduoed coosun^plion of toal and eoke, thow 
nlono wiU sliow aitfficiGnUy thai an impon&Qt diminution of 
working runt box tfiki^n plm^»T- Tb<- objKLaittn whiirb mighl be 
mined, thai Lhc euving effected by reducing manuut lidHtr may 
be ncutmlixccl Ejy the expense of mcchj^ical power (aetuaticit 
the roMten, furnishing tbe comprc^ed blaslr etcOt ciuuiot be 
n^K^^rdtd m justified, us the cost of nieehiLnical work L; eom- 
|uiriUi^-<-ly liiw, Tlius, for instunee. thi; Urge ^m. riimiLne anil 
the small, round fiirnaoiv rrNiuire 15 h,p. if wiirkeil by eleeCrieity^ 
Ar-t:onlini£ tf> an exact PeUcultition, the coat (to the producer) of 
Uic h.p^-hfmr, molu^ivc nf machini;r>', ligurcs out to 3,6 pfcnnip 
(CK^c); hence the diiiiy expense for running the revolving- hearth 
runmrrc^ fitnoiinU Ui: 15 X 3 6 pfg. X 24 = 12 90 ninrkH (1^,42). 
An thrr WTven furnucte l^cther work up: {(^ X 27) + 56 = 21T 
tons of ore, the cost per ton of ore is about 0.06 oiark <1.!jc<)» 

The requisite blofit in produced by meau) of ain^e-eompreasioak 
Encke blowent. of wbii^b one U quite Eui^cient when ruDEiiag at 
full load, and then oonmimpK 34 h p. The daily etpen^es are 
aceordingly; 34 X 5.0 pfg. X 24 = 29-3S mark* (17.32); or per 
ton of ore, 29.28 > 217 = 0.14 mark {3.5c.). Therefore the total 
expense for the mecliariical work in roaatinjB: the ore amounts to 
aoO + 0,14 " 0.au mark tSc). 

However, the cost of roasting Is much more affected by the 
expense for keeping the furnacoi m repair: another iiiipuriant 
factor a the acquisition and mamt«imnce of tbe tools. Both in 
the CMC of the sinloring and also the reverbcmtory-emeiting 

iae«, the cost of keeping in repair was high; the L^onauntplion 
in wae especially largo, owing Lo the rapid wetiT of the toola. 
This was not surprising, considering tlmi a notably higher Ufov 
perature prevailed in the rcvtrbpralory and aintering fumacn 
than in tbe new r^>a3tf?rsH in which the temperature strictly ought 
not to riae above 71X1 d<^. C. But in the old type of furnace the 
high temperature and the constant working with the iron tooU 
caunud Iboir rapid wear, CIiuh erebting a large item for iron and 



1 
* 



I 
I 




i.iHF^»nAicrixa ok gal»:Na 



157 



sled ftDd Mnilh work. In the new procisB (uid oiarc vpccially 

in Lbe rtvolviof^-bcftrth roofer?) thut JifuvilvuntAcc doo* not uisc. 

In Ibis coeo thm is pmcticftlly no work on the furnnce, and Uio 

Tr«&r and tear of iron is «bu)). AIho, tho co<t of keepitig the 

fumaccfl in repair when working n?giilATly m sniail as compart 

with the old process. In the y<^r iOCK), for inetance, ihe rubt nf 

mainifsiancfi and tuob for iti^ reverlwrator>' >^"d unl^iig fur- 

nftcca cam« to 20JOK93 markd CtS]75.4&) for tr^atin^ 27,41975 

^ton» oJ ore, I'er ton of ore, this reprcuenu U>75 miirk (lUo.). In 

^Kioyfiar 1003. en the oth^rr hand, only 9,074.17 marks (|^^t58.M> 

^^insre (>xpefid«d, although 4S,20S lona of ore were worked up hi 

tlw tlim* rttnl'ionarjr ami nix mei:tiftn'[cal Hunlingturi-Ilt^bprlMn 

fumac«Ek The coat of maintenance was, therefore, in thla cane 

0.18 mark (LScJ per ton of ore. 

In the oo^i of Kmelting in the «hafl fiimaee, only a alijcht 
diffcTonr^ in fuvor of The Hunlingtori-Helx?riein pmcraM in friund 
if 1h«'<!KtLnml<M9hhHnlcm lheU}1.idi'kiui^;bLitarrmrked tlifTrnrnn* 
is shown if il U rcfcrroii ia the teud-ljeurini; portion fif ihc charge, 
or to the nv>rk']cud prrnlurcd, Thua the cont of muintenanee and 
total cotft of «meltinKt tiffured for one tf)n of ere, wittiout taking 
into aeconnt geDeral cxpo&Ma, havvt been thbiilttf^f! na follows: 



t 



(fl) Cort od mustennfice, . 



0) Tot^ «o«t «t undtina 



RkDomwi a EnKWM fib Tqv or 



(5*ii l*^ O" Wo** U*e 



OOIH 
0.20U 



0.33H 
(11-615) 



0.«7U 

(ie.7&c) 

1L'I«U 
(•2 87) 



The martt^ reduction In the expenses, as referred to the 
leod-ore and the work-tead produced, b determined (as was 
points out aiKive} by the ureul^ir kiul i?o[if«rit of the charge, 
and ty the larger yield of lenil coiiaucpieot tliereon. The advati' 
laire of lonfccr tuncliing campni^nn (which ultimately vroro iDoally 
prolong to one year) libo makev itfiolf felt; It would be Blill 
more marked, if the whiift fumaee <whjch was still in working 
eondition after it waa blnwit oiii] hail iumti run iiu for aoine tLiiib 
ItmKer. 

Finally, if wc examine the qucaticn of the space taken up by 
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the pl&nt (wliicli, owiuK to tUc eearoity of auiubly located building 
Hit«4i, would tmve been important at the rrt^dnchAhutto At the 
limo when the quaniity of ore treated wa^ suddenly doubled). 
lif-rr ligiiiii hi? aTi&U jvcogiiiMi the greut. HiivuittHge whkh thk 
erttaiilltilimen^ hoA gained trom the lIuntingtoD-HebcrJdn proccw, 
Aa WIU1 rtilcultttiHi uhovfi, tliere would have been required 

15 rtverberutriry and 15 Hintoftn^ (urnik^tu to copo with the 
quftntiiy of-oro treated. As a reverberatory rcf^uircet, in round 
nun^hrm, 120 ki|^ m. (1290 mi. flO^ and a HinlrnTig fumuce 200 
«c|. m. (2153 nq, ft); luM u fully 1011 sq. m. <1080 6i\. ft,) mist 
be allowed for ctich furitocc for a dumping ground, thortfore the 

16 rowrberatory rumurvs would have n^qaired an nrea of 15 X 
120 + 16 X 100 - 3300 nq- m.; the 15 sintering furnaces would 
havfj rwiuirrtl 16 x :20n 4- 1^ X 100 = 4500 aq m.; in al] 3300 
-f- 4600 » 7800 «|. m. (83,04)0 aq. fc). Tlie 12 atationaiy 
UunttogtoD'Hcborlcin furn/irr.-i (built, together tvo and two) 
irould take up a Hpncc of 6 X l^OU ^ 12 X 100 " 2400 sq. m. 
(2&,S30 <q. ft.), i^miluxiy, 8 snidl fumAreu would require 
8 X 100 + ft X 100 - IftOO «], m. (17,222 sq. ft); while for the 
new inatallatioii of four S-mrt^r revolviug-hearth furriac*^ and 
10 lar^e converters, only 1320 eq. m. (14,120 0q< ft.) have been 
allowed* 

For shaft furaaoes v^th thr^ or eight tuyeresT wliich were 
run with low-pressure hiaat for the material rotksted on the old 
plan, the total nreu Itullt upon waa 18 X Iftit « 297 sq. m,; 
while a further area of IS X 14 - 230 aq. m. iau« UitherM> pro- 
vided, and naa found euificient for dun\ptne Mug when working 
raguUrly. TbereforOf the infitaLlation of &\mh furnaces formerly 
la eodst^noe, after requisite enlai^^ment to 14 furnaces, wotild 
have (lentanded a. Kpace of 7 X 267 4- 7 x 25f) = 3829 sq. m. 
(42,215 eq> ft.). If four [>f the Aniall ahoft turanc&s had been 
^fecon8tructe<l for eight luyeree, and nin with Huntinglon-Heber- 
lein roasted materia^ uainR hiffh-pre*HUro biast, the area occupied 
would have been reduced lo 2 x 297 + 2 x 250 aq. m. - 1094 
aq. m. (11,776 sq. ft.). 

Stilt more fa\-orab1e ar^ the ennditiAns of area rrv^uimct in 

tho case of the laree ahaft furnace. Thia Furnace atanda in a 

building eoverinf; an area of 350 6q. m. (37S7 eq. ft.L which vt 

iBora thaa sufficient room^ The sLoK^yurd (situated in front of 

lUib building, and ainj^ly Urge enough (or 3A honrn' run) has aa 
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area of 260 sq. m, (2691 sq, ft.); thus the space occupied by the 
large shaft fum&ce, mcluding a yard of 170 sq. m. (1830 sq. ft^^ 
U in all 780 sq. m, (839G sq. ft.). 

After completion of the new roasting plant and the large 
flhaft fumace in cooneetion with it, there would be occupied 
1320 4- 780 ~ 2100 sq. m. (2260 eq. ft.); and if the system of 
reverberatory and sintering furnaces had been continued (with 
the lequiaite additions thereto and to the old shaft-fumace 
fly&tem]^ there would have been required 11,629 sq. m. (125,214 
sq. ftO' In the estimate above given no regard has been ptud 
to any of the auxiliary Installations (duat chambers, etc.), which, 
just aa in the case of the old procees, would have had to be provided 
on a large scale. 

It is of course self-evident that both the principal and the 
auxiliary installations in the old process would not only have 
involved a high first coBt, but would also, on account of their 
extensive dimensions, have caused considerably greater annual 
expanse for maintenance. 



THE HUirrmGTOll-HEBKRLEnf PROCESS FROM THE 
HYCIEmC STAHDPOniT' 

By a, niiruMtAi;!! 

With rcgATtl ia the hyKienic improi^einent^ which the Hun- 
Iioc1on-H<i!berl<!iii proecas oflcrs, we must ^mt dtal with the 
quMions: What wcn^ rh« aources nf danger in the old proc«i0, 
uid in whuL way nrtr Ihiwi? nuiv diminished or dininAlrvl? Tlw 
ikcily dangfx whlrh entcnt into coosidcratioa is leod-poim^nicf. 
v4ber inHuciK^f^ dt^tritncctul to l^ealtli bang the tiunie in one 
pffooov u the othur 

With the revcrberutory-smHlmg and roast inff-sir tiering fuj- 
Mce»r ^^<^ idiief diuigt-r oS lrad-pt>i&uniiig lim in I.hr mt^uUir vspor 
•volvixl during IIl*: withdmwnl of thtf mfhsl^ed <'hn.rKc from the 
tuniftce^ It is Uuc Thut npplintifea may be provided, by which 
ttMve vapors nro drtiwn off or led bftck mto tbe fumaco dunn^ 
thieop^ra1ioo;but,«ven working with utmost ciLr«, it iiE ire poa^ible 
id iAiuro the i^.nniplcte elimlnuMon of Irod fumes* especially id 
wliMllilg Away the ymis filled with the red-hot sintered prodneL 
MunfovGT, iho WDrk at the revcrbcratory-emelting and ruaAiiiig- 
ftiutflnng furnaces involves grcnt physical exertion, wherefore 
UiO nspiratory organs (if thfi workmen are stimulated to full 
AOttvky, while the expcwiiTe to ihd inrense heRi eauses the oigq 
1a> (wrvpire freely. IIenee> as has l>een eMtAhllAhed inedleallyr 
lUu ALwrplioii of the poisooctia meialUc compounds (which toe 
yfttllftly aoluble m the perspiration) into the aysLcm \a favored 
U41i \>y iiihuiation of the lend vapor and by its penetration into 
\\/^ ]HUxv i»f lh« akin, openetl by the perspiration, 

\ f^irlhcr danger of lead-iKiiaoning wha 0L<eik8inn<*d by Ihe 
ItvqNimtly rcrurring work of elearing out the duni fluea. Tlie 
^h>k« tfsvtn Iho reverlioratory-emcltiiig funmce oapecially con- 
(W^iiicO leiul compounds, which en aUBorption into the 
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hvmui body migh; rcndily be diMolv^d by the Acid« of th« 
Atomoch, fend thus codoaiccr the h<«hh of the vorkoicQ- 

In th* IIuntiagtoo-H4b«r]«iti fum»c«fl, on tint oLhor hand, 
Although the chArg^ » rakod forward &nd turned ovor by hftnd, 
It 18 nol withilrawr* ^i8 in the old rumibrcs, by an opi^nlng »Uuuted 
next to the fire* but it emptied &t a point opposite into the cod- 
vertera which aro placod id front of tho fumnco^ Moroovcr, the 
eooTertera are filled with the ehargo at a much low^ temperature. 
[naMDUch as this charge has alrEody cooled down con^iderablyr 
tJiere e^i Iw practically no volnf LliEation of lead. The sraaW 
quantity of gns vhkh nidy neverlliele^ be evolved ia drawn oil 
by fans through hoode placed above the converters^ 

A further trnpro'^vmeni, from the hygieaic point of view, ia ia 
the lue of the me<^haaical furnaces, from which the converters 
naa bo fiQed aui<orii»tical]^ ilnhiiuHl, ullhout iiuiriuikl lubur. and 
vilfa ftbeolute fixcluaion of -miukel. The c<invertent tuc tfieri 
placed on their stauda and blovh-n. Tliid work aiao u earned out 
under hoods, as i;as^tlf;bt as poeaible* funiiBhed with a few closable 
woridng apejiur^n. Duriiifr the blowing of the Tnaleriftl, the 
mtjvk nf the attr-ndjiiit I'utjj^islrt hulrly in kniping u|> Ihe charge 
by adding more cold malvnul aiLd filUtig ^ny holta U)at may be 
Fonnod. It doea not cntjiil nmrly a» much pliy^ic^EiI strain lui 
the handhn;; of Uxg \\cavy iron louU and the contmued exposure 
of the workmen to the licttcot part of the furnaoe, which the 
farmer rojuttinj; pn)tu;« invulvn). 

8omc cxpc-rimrnta carried out with tnrgcr convcrtrr* (of 4* 
and 10-ton rapacity) hnvc indit^.itcd the direction m which the 
odvaniagca mentioned iiixive may prohithly l>o drvelopod to a\t^h 
a point that the d&nger <*f load-poiioninf^ xit-i^ h.inlly enter into 
dinniiUTation. IVilh (hr t-hur^riTi^ «f ihn ti'Vii)vinf;-hMurt.1i fur- 
Dac<0 and the filUnjc of the converters aro to be cffcctt^d tiiccbanj- 
caUy. L-'urthcrmorv^, in the cone of the Inrfjc converters ttie 
filling; up of holcK htit^omost unnoccHsar^'. and no munuul work of 
y kind t* rwjiiin^d during the* wlwiU? ttmr? uf blowing. The 

vnrUirv can in* hi ptrrrpctly rncUHt<d in huiHln thai iho e»ca|>e 
3 gases into the w^kin^'-rochm? hccom» impueiuble, and l(*ad- 
poteninc of the men van octiur only under quite unu^uul circuo^ 
stances. 

TJl4? benctidal influenct^ on the health of the workmen Htlend- 

on tiie roMfUog furnac^t^. orcoaioned by the iniroductiuu of 
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ThU nbowA a ftintifyuij; dcrr«Me in Uw sumbcr of 
oamcly, from 10.1 to ^,3 per cent; th'u decTOMt «o«M h*Y« been 
Mill jcrutilor if Uuntingtoti H«borloiii funuhccs h*d been io 1M 
exc1u«ivo1y. How«vF<r. mcMt of tho tini^ Xvo or ibret MUrinf 
fumncffl woTA Gmt for working up by-productit, 16 to 1ft hmo 
being eriKfifced <in tliut work. Tht^ Hunlirgtoa-Heberi^in fiiniAMe 
AtoQe (at which, in the ycikr 1904, 60 aiou in &!! vera ot^cupiod) 
ahcnt only 2.U per cent, of cosca. That tho number of cJAys of 
lUiifl wftJi not rmiiif <hI is duo to the iact tli&t tlkO MOCil atooaf 
tho gftDg of mm wtirkin^ »t the sinleiing funuuMB VOfft nuMtljr 
of fong stuniiiTk^ w\d touk mme time to cur6, 

T^DOUDUaoSooUupoa thohe»Itliof tlie wi»rkiTi«nlDnuuuii 
the rikftfl funmccfl ore duo to tho fumoa from the prodnota nida 
11 tliJB opontion, <ucH sa work-l«&d. m&tte and alof?. which 6ov 
<>ot cif the fum&co ot » temperature far bbov« their molting point* 
K\-vn wiih the old method of running thff HhiJt fumucto the 
hmW^^h- hu aUaya been to provide w elliclantly m poMble 
tbo dAOger c&iued by thia v^Uillisation, ftnd. wherorer 
to iiifltall safety apphanGee u> prevent ttie oeioupe of lood 
s^4w«f« tnlo the work-foome; but thcfio meuaurca oould not be 
HHvIo «• thorough hb In the case of the Huiktifigtou-HobeH^o 



tV |vvvi|ul vork in ruanlnf the nhaft fumaoea. aaide from 
1^ okuyu^. roiuuta in tapping (be &\a^ and pourinf; out the 
VMb^lMJl. Otl^r unplfioaant Jobe are the barring down (whkh 
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in tbo old proccw hnd to be done rrequcntly) aod tho cIcahid^ 
out of tbo funuic« &ft«r bloving out. 

In Ui« old pmc<9t9( thi! kIa^ formed in the fumaco flows out 
^^ntiouowly llin>vigh tUc tAp-hi4f? into iron |>t»1.« plju^cd in front 
of the spout. A number of mch pot9ftre«>(irroii£cdoD Arovol- 
vin^ tubk that m aoon fuf one i« lillod the next empty can t>c brouje[ht 
up to tbo dtict; thw: the slag (init poured in hn> lime to cf<aM 
ftitnitig and to solidify before it \9 removed, Tbe vRpota uriaing 
froin the alag ui it flows out Ant ronveycict away tbmu^h liiiods. 
At the fl&mc time wkL tbe bing, lei&d ni»tt« also iMuos fruni tbe 
fttmaGC. Now the ^rcfttcr the quantity of IcimI matte, the mora 
SBioke is aim produc^d^ and, with the comparatively high pro- 
portion of lettd ins1t« muhing from the old proreee* the r^uantlty 
4f SiDOke was so great that the ventllaTior appharkcm were nu 
lODiger BUfficieut to cope ^itU It^ thus MIowLig vaput^ Lu oicape 
into the work-room. 

Tbe work^lead colleola at the bciek of tbo fuma«c in a wcll» 
which it is from time to liu^e ladled Into tnolda placed near 
If the lead la allowed to eo4)l siiffii^-lently In the well, \i does 
not fume much lu the LadUug out. BtJt wlien Iht- funiaie runa 
very hot (whith aometimoa happena). the lead tt-hm la hotter and 
is more inclined to volatilise. Id this eveut the danger of lead- 
poisooing is very great, for the workman has to stand near Uie 
lead sump. 

A still greater ilimgpr attemls the work of barring down and 
Lning out the furnace- The barring down tentu tbe purpoae 
loosening the charge in the ztme of fuaion; at the in^me time 
it removes any crugt^ formed on the eidets of the furrtace, or 
^batruutions atopplng up the tuyeres. With the old funuiecM, 
ami their atmng Icndfiiry to cTtwt, thi* wi^rk had tn be nndflr- 
Uken almnat erery day. the men being compelled to work for 
rather a long time and often \'cTy Ubori»u-tIy with the heavy iron 
toola Id ths immediate neighborhood of [he ichiwinK charge^ the 
ml of the furnace biding torn open for thU [jurpose. In this 
iperation tbpy were rxpow^ without jinjifs-tiini ti* tbe oLbtbUlc 
vapors laauinfE from the furnarc. inaamuch aa the ventilating 
appliances hod to be partially removed <luring this time, in order 
lo render it at aJI possible to do the work. 

kin a dimilar manner, but only at the time of shutting down 
duift furnace, tbe cleaning out (that is to aay, the withdrawing 
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of no longer ftunl but still r«d-hot f>onk]fis ol tb« rlkAi^ U4i in 
iht furiuit'f') iti riirneil out. In th'w pnac u w, bowewr, thm gknrini* 
mttteriiil hniiiLclii uul could be quenched with coM water to mA 
II fKiint Ihut the evoIutioQ of mclaltic vapon c»iikl be hfsc^ 

l^Afllly, the modc^ of chftiging of the shaft fxmiac# is abo to bf 
Kftunlf*<) D^ f^ rHiiM* i>f pobiiiiMig. mnsmtich &a it b Imponibfe lo 
avoid entirely t^w ntiaing of iluHt in the rtpeaUd act of tlumpia^ 
atid turning over tha maleriab for emdtini;. ia prcpana^ the muL 
and in aiibocquently ohancin^ the furnAoe. 

ily the mtrodtiQtion of the Hunttii£ton-Heb€H«m prorcs, all 
Xh9»v d&Aiul vantages, lioth id the malting aperatton utul b nuuune 
lh« nhaft furnju»«i, are la part removed uliogeiher. In ^n n^nrtd 
to iuch A degree that the dacg^r of iDJnry m brought to vt EmnimunL 
In ftirnacof m whioh the product of the Uuntukj^ton-HebcrfGUi 
niast ie- amelloci* the slag is tapped only perJodlcAJIy at«ons&ds&ble 
btcrviiU: And, ID tlicre is Ieob lend matte protluoed than fonnerijr, 
the quantity nf '^iimke j» uever ao great tliat the veutUaitns fan 
eumot mailj InVc care of it. There 10 therefore little chance of 
any amoke escAT^rig into the workit^-rouna. 

Aa the production of work-lead, Cffpeoially in the ca*o of the 
larec shnft f^rnaecr '» vury coni^idcmbh^ so tlukt the lead contin-^ 
ually 1^0^^ ^^^ ^" " '"^ aitntiim intu the- ijiehn the hrind Uctling ha^ 
to be nbnridc^ned. Therefore the lend in cortducied to a laige 
neervoir stunding near the surap, and ih there allowed to cool 
below \\A volJttiliEinp l^mpcraturft. A* »oon as this lank is full, 
the lead is tapjityj off nnd (by lb<^ aid of u nwinglng |cutter> is caat 
mlo molds reiidy ff"r this pLir|H^'<p, Both thn wnmp and the 
■ d iJ ^oir tanV ar« placed under a fume-hcx>d. The atwingiti^ 
nittcr i« c*>^'ere<i with sbcet-inm lida white tfippinitt w> that »»y 
Wd volatiliawl is conveyed by the gutter ititoJf to a hood attiicbod 
the reservoir; thus the escape of melallie vapom into the 
^Hrtlnc tpniff ^* avoided, hs fur .w jMuwilile- 

nb mrthod i>f pouriiig dom mit mlaU the sutmc bodily ctxtr- 

,-_ .|jg toting of the lead; moreover, w it r^quiro* but little 

. . '^^ 4t« workmen frequent fipportunity to rert. 

'^fcj Liii flf the chief ftdvantRgrJ of th<j Huntingtc>n-Hol>erMB 

^^ ^ ift the tlM^ onilfisinn nf ih« Imrrinic down. If the 

^^j^(ujlneofe(!«ndnrhHl with any tlf^ree of care, 

^ ■etfcirg o( the furnace do not occur, and qua 
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«fta rely on a p^rfortly n>giiliLr renins or thp imidtinic pn>c«9U 
d»y ttfUff day. Xo formiitinr; of *ny cniM» inlrrfirinit with thm 
operttLioa of th« famAce luu been recorded durinjc nrj.v of the 
c&o)pai£ri0, which htive, in each ccwc, InAtcd nocuiy a ycar- 

As rffiards thd d^^ning out of tho ftimu<%, ihin o&nnol bd 
avoided on blowing oin thp Htintington-Hebc^rlpiii Khafi furnftce; 
buL itL most it occurv only once u year, and can be done uitli leas 
duiger Ui the workmen, owing to the better cqtijpmoDl. 

FtixtUor, tbo chargo ie thro>vTi atr&lght inlo the fum&cc (in tho 
ttAt of the lar^e ehatl funioco); thus tho repeated turning over 
of tJ:« emdCing material, aa formerly practised, becomes unneoes- 
^ry, and the deleterious hifluenee of the unjivotdable formalion 
of ibtsl is iiiueh liimtiiiflheil. 

The accompanying atfttbtioa of aitkn«a due to lead-poiflonim 
in connection with the operation of tho ehafl lumaco (referring 
to tbo aurne period of lime ae thoee given above for the roasting 
furnaces) eouiirni the above Blatements. 
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If it were posaihle to make the necewary distinotiona in the 
CJLJH? *jf the Urge uhaft funiai;e, the diminution in ait:km*« from 
lead' poisoning would bo etill moro apparent: fi>r, ;invirg the fur- 
nace ationdflnie proper, there haa be«n no illnws; all tatu^ of 
poisonifLg have oceurred amoni; the men who prepare the ohnrgo 
who break up the roasted muTerial, and others who are nccupicd 
with Miibpididry work, Hi>iih? of l,[n»n art? e.ificnwl Ui illni^*w 
tliroiigh llieir own fauUn owing U) want of rlfjinlinciw, or to 
neglect of evory precautionary morwure against Icad-poiaoniugi 

Thus far \*'e have dealt only with the advantages and improvo- 
meats of the Huntingtou-Hcberloin proees*; w> will now, in 
cimclubiui], ^^onsidtrr aUo ilfi dUiiLlvaiiLageB. 

Tlic ctitcf drawliack of tliir new pruceeei lj<» in IHe difficulty of 
breaking up the bEock.-i nf the roasted product from the coa- 
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verters, a labor which, apart from the great expense mvolved, ii 
alBO utihealthy for the workmen engaged thereon^ Seenungly this 
evil ia still further increased by working with larger charges in 
the 10-ton converters, as projected; but in this case it is proposed 
to place the converterB in an elevated position, and to cause the 
blocks to be shattered by th»r fall from a certain bight, so that 
further breaking up will require but little work. Trials made in 
this direction have already yielded satisfactory results, and seem 
to promise that the disadvantage will in time become less im- 
portant. 

Another unpleasant feature ia the presence (in the waste gaaes 
from the converters) of a higher percentage of sulphur diozidet 
the suppression of which, if it is feasible at all, might be fraught 
with trouble and expense. 

That the roaster gasee from the reverberatory-smelting and 
sintering furnaces did not show such a high percentage of sulphur 
dioxide must be ascnbed chieSy to the circumstance that the 
roasting was much slower, and that the gases were largely diluted 
with air already at the point where they are formed, as the woric 
must always be done with the working-doors open. In the 
Huntington-Heberlein process, on the other hand, the aim is to 
prevent, as far as possible^ the access of air from outside while 
blowing the chaise. The more perfectly this is effected, and the 
greater the quantity of ore to be blown in the converters, the 
higher will also be the percentage of sulphur dioxide in the waste 
gases. This circumstance has not only furnished the inducement. 
but it has rendered it possible to approach the plan of utilising 
the sulphur dioxide for the manufacture of sulphuric acid. If 
this should be done successfully (which, according to the experi- 
ments carried out, there is reasonable ground to expect), the 
present disadvantage might be turned into an advantage. Thia 
has the more significance because an eaeential constituent of the 
lead ore ^ the sulphur — will then no longer, as hitherto, have 
to be regarded as wholly lost.* 

^ The imuiufacture of sulpbunc acid from theae gnncirr haa now been 
undertaken in SUe^ on a working scale. — EoTTOft. 



TBZ HUlTTIHGTbW HEBERLETH PROCESS 

Thi» pmcflas for T^aatin^ lead Aulphide ores hju novr faiily 
est&blmhod iU«Jf in all ptirta of the woridt and id rccognivcd by 
nwUUuTRicat engiuetra ad a Bucee«eful n&w (iefurrure in the 
metbcd uf deiiulpburixutitib^ It offers the grcmt iiUvnikiuge over 
pnvic3iut nwtluxJti of Tieirig u niuRf acjentiru? npptjcution of the 
roaatJns reactiond (of the old veU-uaed formulae PbS + 30 — 
PbO + t>U, ttcd i'ljh; -T rUSU, + liO - ai'bO + IS^,) and iid- 
tniU of turgor quttnictica bem{^ handle at a time, uto thiit tho use 
of fud and ]KlH>r nre in i^rupivrtiun to tiw rtbulLn iichiwod, iind 
a})u» ihftre ut Iftw wtuiU^all unmnd in mj fur a» thi* fnruir^ iti<<'m«nry 
for tbc operation — fiK^I* iubor and air — caa be mere cconomi- 
eoUy U90d. The workman's time aod Eitrcneth ore noi employed 
in labohouily aliifUiig the ore from one part of the fumooo to 
Mkother with n miixUnuni amimnt uf Gxertjon Hod u mitiimiixn 
amount of uxidnfiim, Tho fitnl i^msutncf) acta motv dircetly 
Upon th« ore duiing the firat port of the process in the fiimscc 
and ita pjaco 'm tokco by the »ulphur rt'^elf duHnic the Bnnl nnd 
blowing stogo, 90 that during the whole tien<« rf c»peniiion« more 
ooneeotraUd gnws !ir« pnvluced and (?tmw*niinntly the Iftfge rxeos» 
of baited air of (he dd procenn n avoided) tn ^urh ^n extent that 
the gB0m can be used for the prodtiction of aulphuiic acid- 

With a modem vell-coDstmcted plant proeticolly oil the evila 
of lh» old hand^roMting fttrrao«e are avoided, and boddea the 
ikoiable econorry nrhievet) by the H.-H. procen itulf , the health 
and well-being of the workmrn vmplayed oib greatly advanced. 
BO thai where hygienic elaitsties ore kept it is proved tli&l lead- 
poiaoniag haa greatly diminished. It h only natural, therefore, 
tbol the U.-H. prooeM should have l>^n a stii^ce^ frfim the eion, 
popular atlke vith aiaDHgerri and wfirkmea once the dUQeiiltiea 
hiiiifiariiMr from the introduction of any new proceea were over- 
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Sfimplfl aa tlic proceed lut-n- tLpptat^, liowevor. it b ibe rens-^ 
of many ycais of fitud)' ami cxporinieut. not devoid of di^^^ 
pmntments itud at limce appearing to proaeni a problem iacapiabX 
of aolution. Th« first trials were made la the srodUfig wcMrka ^ 
I'crLuaoU, Itjily, as fur back as ISS9, tvUere considerable sim^ 
ivcre devoted ever? ye&r to thia expeninenlnl n-ojk aod lead or^ 
roasting na^ &linoat oontmuoualy on the UbI of new irork fro 
]3*!7S on. 

It may be interostInK ^^ oiemion tbi^t at tliia Uine the Moo 
LTCCehio ttrem (eunFiLlnin^ aliouL 70 pt*r cnil. lead nnd mlioot irS 
^pfir oont. .sulpltur, togutlttrr with *t certain amount vt xinc ontJ 
iron] were considered hi|;hly refractory to roant, aixl the onJ>^ 
ores af>provcd of by Ihe iTiftnaf;cinf<nt of the woris at Ihia dato 
\vere ihc^ MtinU-pom and 8aii Gtcivjumi fintt-duav ore^ (oontftinin^ 
jk3ioi:r. KO f>t?r i^(?iil. htaU)^ and tin? M»'i}nd-rbi.*vi nirbocintm (intJi 
4ht Icuuit do p4?r cent. Imd and 5 (kt cait. sulphur). It mu»t be 
noted that a Jiiuililied I'linttthire reverhcrator>' proccon waji in Uv? 
in the wcrkit, whii*h (*uxdd dout ^ui bfartorily only with thin cUm 
jjfag rc, Ku tluit, ufi the^e eaiiy cres diiiiimihed in quantity ererr 
I^Kanil tliHr plmri* wija taken by rlie "re^rwUin" MiHitrveorSin 
lypCT, Ukc rnacting problem vroa always well lo the front at the 
I'ertuaiila worka. 

It may be asserted timt almost every knows mvthod of domd- 
phurixation was exammed and experimected upon on a Urigtf 
stale. Gas firing was exfrluHively tmed on et^rlmn cIeiawh of ocrei 
for sevemi years with coneidcrahle nuccoB, and rcvoHng funaooA 
of the Briickncr type — gAa fired — were Jklso tried. AUhoufEli 
VEuying dt^rooa of succeos wero obtainodi ao realty ^rcat progre» 
WAN mado in Actual desulphuns&tion : methods trere ebeekpentd 
and larger r|UHntllie« hanHlf^ at a '.inie, bitt the final produce-^ 
whether sintered or in & pulverulent stale — acMom averaged 
much under 5 per cent- sulphur, while the days of ihe old "e*^ 
ela^" [\ per cent, to 2 per cent, nulphgr) from 1horevert>eratonei 
totally disappeared, together with the ela«9 of otob which |m>dueod 
them. 

During the li^n^ period of Lheeeoitpenmeuta io dceulphunuUki* 
various facts nere CT^tAhlidhed: 

(0 Thai sulphide of lead — eepeciftlly in a pulverulent 9tAte 

-* cotild not be deetdphurixed in the ivune way aa other sidphldeai 

[soch as sulphidm of iron, eoppor, Kiae, etc, bocause if roaMad il 



UHE-ROACTTrfG OF GALENA 



1«» 



ft fii««^hAitical fumaoe the temjierkinnt ha4 to bp kepi low ftbough 
to ftvoitj pnifiiHtiire flinteriog, tthtch would cbokc the stirrcis and 
caii»? trt)u1>le hy the ore (^oesuic oq Ihe flklei and bottom of thfl 
ftunuce. H» however, the on? was routed in 2 "dry atAle" at 
low tcmpenUuro. m great deal oi suJ|^hur romuiied in the prodtiiat 
ha a\dphat« of lead, which was as bad for the subiwquvnt Moflt- 
I ftifTUkce work aa the sulphide tjf l«ad iiarU. Wh«ii air waa premed 
thmufch iiioh^i galeiLA — ill the ume «ay aa through mollea 
copper matte — ft very heavy volatUiaatioD of lead took place, 
while portions of it were reduced to tnelal or woro contained aa 
aulphkle in the motten matte, «o that a good product waa not 
obtained^ 

(2) That nn rrimiplr-lr ilenil ni^t trf lead orp£ could 1« obtajited 

^onlcaa the imal prnduct vraa tborou^lily aiiiotiod atid ag^lomonLted^ 

^b (3) That a well routed lead ore could he obtained by oxidiaing 

the PbS with oompreaaed air, after the ere had been cuiubly 

^K (4) Ttiat uittal U*ipit^ Aere nminly due to the exceaalve heat 
^^Toduced ia the oxidation or Pb8 io PhO, ftod other aulphideo 

jarcAcnt in the ore. 
^^ It wa« by making tiec of thcec fact» that tho H,-H^ roadttng 
^^procejie waa finally c^-olvpd, and by eart^fully uppljinfi iu principles 
it V pOKtiblu Lo de:ni[phuri%e cumpli^ti^ly iTm r>ri^ Ut n pracLicfilly 
dead nxfcst of under I per cent, sulphur; in pmrtice, ijowdvcr. 
auch perfection ie unneceasury and a well oanlomcratcd product 
with from 2 to 2.5 percent, sulphuric ull tluit ut r(!quired, liurtnft 
Aomo triAls in Atiatmlia, where a great d(^>c iif j^orfeclian wad 
Himcd at, A block gf over 2000 lon^ ni ugglurnerared, roajttctl urn 
wa« produced containing 1 per cent, sulphur (aa Gulphide); aa 
the orca contained an average of about 10 per cent- S!n» Ihiti waa 
a very tino result from a dc^lphunmli'>n point of view, but it 
WM Bot found that thi« I per cent, product gave any bettor reaulta 
in thp KiibHpquenr nmdnnK in tbr hlnKt, fiirnnrn thru^ bttcr tin n 
IcM carefnily prepartMl mutcrnhl containing 2-A per cent, nulphur 
In the early atagce of cxperitncu^ the great difHculty waa to 
jif:gbinoration without firi*i fi»in2 the ftulphidcB* in tho 
<nr and turning out a lialf-mMt^l product full of loady matte, 
Bimplfi UK thn thing now U, it apempd ai Hm^ inifxij^llilp ti> avmi 
thin defect., and it W8» only by a careful study of tlic efTectJ* of an 
xiddition of lime, Fc^Oa or hlnJOt, and their properties tliat the 
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righl pAih was stniek. Before the iulnMluctioD of the If -IT. pirv- 
refleliinei<vsL«ouly tiaedln tber«vtrl*jalorjr proceM{FUntalure«d 
Taroowits) tofltHTcn the charge, bul aa Percy tells us tbftt afto 
Its addition Ura charge was glowiog, ii miut have liad a cbenieii 
aa well m a mechanical effect. In reco^tion of this fact ftw 
rauatlc Urne or vni£]|«d IImc«tooe nns inlxei] with the ore br/on 
L-hargxrig il itiUi the funi^ice and expoalng it 1o an oxktiabg hnL 

It WU0 thought prob:ible that m dioxide of lime mifljit be leo^ 
ily formed^ whjcb in contact with PbS would be deeocnpoaed 
imedtately after ite fonnation, or that the CaO aerred as C<xi- 
itifUrifiJtUtnz tu the aame vay as 8pODg>' platinump metallie aUver, 
or oxide of iron. As CaSO^ and cot CaSO, Li dwajra found m 
the roEbated ore, thb may prove that CaO ia nully & eonlocl 
fiUbdMince for axycen (aee U', M. Hui<hiiiK«, Bn^tumng and 
Mining Journal, Oet, 21, 1906, Vol. LXXX, p. 726), The faei 
tljat Mie pnirHwt works efjiially well with Ke^C^ instead of CuO 
Bpeakfi uKiiirmt the llicHity of pluinbittc of lime* Whatcrvcr theory 
may be corrctit, titc fuct remains thai CaO af»iifta the ro^sUag pro- 
ccee and Ihat I>y its use ibe premature aggloaieratJon of the aul- 
pbide ore ii avoided. A furthor advautage of lime la t!uit it ktep« 
the char^L^ rnore pomuH urd thus farilitatM the |>aiaa|te of the air 

The ah/Lpe and niit? of the blowing aj>pi.rat,u.t bis<t adapted for 
the purpose in view occupied many iDoctha; atnrtinic from wj 
ahallow pun« or rectunp^ulor boxea soverul feet aqnore with a few 
inches of niacerial over a purfi>rated plate, it gradually rcaotved 
liiwXt into the; enntsahnpivi irrrptaiik — holding about a ton cd" 
ore — ivt firnt' intnxlueed together with the proceea. In later 
jejir^ and in treatinjc larffcr quantitm a more hemispherical F( 
haa been adopted, ccnlaininjc up to 16 totw of ora. 

It is probai>to about inght yearn wero eoLploy^ in aeti 
working out thii prrienH Ixrfnrtf it u-um intmchi'^nl dd any large 
acale at Pertusola, but by the end of 18^ the gmtter part ol the 
PertuaoU or» were treated by the process. Its Hrst iniroductiou 
to any other worka wac in 1000, when it was started outaide Hs 
homo for thn f'Hit time ai Brau1>aeh (OermanyJ. Since then 
ita appli'-Ation has gradually extended, proeeeding from Burope 
to Australia and Mexico and fitially to Aioerlea and Canada, 
where recognition of ita meritd was more tardy than ebewhere. 
It is now praclically in general use all over the world aoid la 
racegnlted as a sound addition to metallurgica] progreaB. Il la 
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dottbUees only a st^ in civo Hght diroriion nnd with itJi gotifrsl 
lue A better knoAled^e tA it* prtncipUn wiU jinrvHiJ, lui thjLl- itjf 
fulure devclopineat in oiio dircctioo or AUQtbrr, as conipuixi 
witl) preeerkt reeulu, may Bhow some further proven. 

Tb« praoent worinos of tbo H.-H. prtir^cvw piill f>^lloi«« pnc- 
ikftlly the original Uncs laid down, nnd by pt^plimijiAry roaflllng 
In m furttaf e with 1ini«, oxtde nf iron, or mar^anene (if not already 
drntALtisJ III l!i^ on?), prep^irGflthcororr^r blowing lu th(? converter. 
Klrchunicfrl fumocca Ii^vc boeii iiuroduccd 1o the t^nttrc csLcluaioD 
of the old hand^rofteicre, and tho elto of tho conv^rtera haa been 
fjnduaU^ increased from the original on^-lon nppAraiufi succ*^ 
dvely to t^, 7* and lO-ton convertera; ai prpJhf^nt miiii« for 15 toiiit 
ai« Iwing built in Germany and will doubtlmft leud lo a further 
economy. 

The mecliAnica] fumaco at preaciit moat in ime ie a mnjtl^ 
heATth revolving furnace with fixed rabbles, the latAt biding 
buih. ifc'ith a diameifr of 2lii ft. and a relatively high art-ti to 
eiivtire a clmr flume and rapid uxidation of the aiv. Tlw ivtpAcity 
«f thote funi&c«e vari«fl, of course, uritb the nature of the orca to 
be treated, but with ordinary lead oroa (European nnd Australian 
raetice) of from SO per cent, to ^ p<tr cent, lojul nnd 14 p<fr 
eCDt- to IS per i:vnt, sulphur, the avf^raqo mpu^'iiy may bo takon 
at alKiut 60 lo fHl Ioelh uf rrude on? piT d.iy i>f 24 hnum, Tht^ 
conmimptinn nf coal with a vtell-conxtnirtcd fiimntio in very low 
Uld ii always unclor S per cent. — 6 per ecnt> being perhaps th© 
ftTVafto, Those fumat^es require very little attention, being 
ftntoraatic in their chnrging uheI HiirJi urging arrkngement*. 

Thi? ore nri Inivinj^ ihr fnmHrR i* rhargrd into rho mnvertem 
by varioiiM nicfhauicjd moanrt (Jnroh'^ latlder*, conveyorn, ctf.). 
Tbe converter charge usually conmsta of some hot ore direct 
from the fumooe, on top of which ore is phkccd which haa been 
cooled dowTi by ittomge in bin« or by the addition cf water. The 
€Mivert«>rr w gmornlly filh^i in two Hiargw of (^v^ tona ^arh, and 
the blowing T.imi' xhouM not Iw more than 4 to 6 hnun». Tho 
product obt^ned should be porous and wdl ag^^Eoineraled, but 
easily broken up» lough melted maleriiil boiiiiE du« to an excMa 
of silica and too much lead sulphide. Attention, therefore, to 
the»e two pnintfl (good prellmltiary roasting and correction of the 
charge !)> lime] obvJAtce this tmuble. ThisroHHted ore should not 
eentoiJi more than about 1.5 to 2 per cent* Aiilphur, and in & 
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modern hlaai funiace givea aurpri^ingl}' gi>0(l multa, the? mattr^ 
fall bf^inj; m mofif, codCd reduced to notbmg, fttvi the cnpuitj ot 
the fumrioo ui Ejvrj^ely uioreosedi trhJte the s\u^ Are poorer. 

If the ponvenep (^har^e liiu been propi^Hy prepared, the l>\<yr- 
ifig nporiiUou priwewJ?- with the gwateii BinoothTM-KH umi mqiurm 
very liUli? aLliriiticm tm the part al the workmiirt, the hi^At ftnd 
oxidation ricfc lEradu&lly from the t>ottom and votAtilinUioD lonca 
rcnmin low, r?o ttmt it is poaBiblc, if dotiircd, l*> produce hot COA- 
centr»ted Hulphurotu giuea fiujtable for the miknufftetura of 
sulphuric tiPid. 

Hevidvn thr nctUEil eoonomy ohtained w rusnting onn by the 
process. A Krcat feature of it3 success ha« been the rcoiariEAble 
uDprovcment in smelting iLnd reducing the roMled ore aa coai< 
par^ with previouti experience. This is dno to the nature of 
th« roMted ninteriat wbif^b, besides being nmch poorer tn sulphur 
than w\M9 formerty tEie ruae, is thoroughly poroum and wdl Ag- 
glomerated and (^ontAin^s — if the original mixture is propeHy 
made — all the reecseury slagging materiaU it^f, «o ttiAt It 
practically becomes a t*a3Q of smelting £lags instead of ore, and 
to an expert the difTerence is evident 

Experience liaa shnwn that on an average the iniprovemeot 
m the capacity of the b]a»l furii&L-e luny be taken at alKiul M lo 
100 per eent., ao that in worke uaiug the H.-H. proccaa — after 
Ita ooropLete introduotion — about half the bl&8i funmtes for 
merly neccfieary for the same tonnage were blown out. The 
maite-fidi liax be^'onie a tiling of the puHt, ^ that, evnfpt hi 
thiMH iraHtti wiiere ainiie nuttte ut r^ulred to collect the copper 
flontttined in the oree, letid nmttc ho^ disappeared and t)ie quantity 
of tluo dost aa \\'oU as the load and adver [ooseti have been greatly 
rediiceJ. 

Rererrlrig to the latest hlator^' of the H.-H. procwiM, and lite 
tliKiiry of direct btowing, it may bi* rL*iiiarki?<l — putting lUQdr all 
legal questions — that the idea* melallurgically apptikin^, ia 
attractive, tm il would Hoem that by climtnattng one-half of the 
prooeas and blowing the orea dlrDct witbout the expense of a 
prelim iuary roa»t a I'Dimtderable economy should be efferted^ 
Upon examtnaLion, however, thiis fiupposeri eiKmoniy and wim- 
plidty 18 not at all of auch great importanee. ttnd u many cuee, 
without doubt, would be retrogreetiive in lead ort* amelting rather 
than progressive, Wlien coats of roastiiig in a furnace are redtioed 
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to such » low H^nn im rui be obtniQed lj> using 50-lOD fitnucfn 
Aiiii 10* to 15*ton cooverteiB, tbera is very Utile ftiArgm for im- 
provement in Hue tlutctioo. From the pgbli£li€<j uccoudId of 
the T&raowtts emdting worke (tbe fiit^'ntf^nj^ and J/in^n^ 
Jowrfw/.Scpt. 23, 1905. Vol. LXXX.p. 53&> th«oo£it of nit*4>hunicAl 
preliminary imuitifig raanoi ext^fiej 'iV. |*r ton, wi Ihnl fven 
ttMciiming dirrt^t hlonring wtfre oh cUf!a{:r ui blowing n properly 
prvfured mflt^^nAl. the totsl rconomx i^'otiid only be the ftbov« 
BgUfG, via., 25Cm butn thm U far from bein;; th(? ciuto- 

Diroct blowing of a «;ruxlo oro u c^onvKlorubly more expensive 
tbftB dealing wtth the H.-II, prttrluc*!, btKruune of ncM^Jvlty the 
blowing opprnlion muAt Ijp rurriril out «hkvly Jiml wiTh gr^At 
c«re Bo as lo avoid hf«vy metal losMt!, and whcTCa» n pre-roaaLed 
ore can be easily blown in four hoursf tind one m&n can altend to 
tvo or three 10-ton ronvertem, the direct blowing opcvntion takee 
frotn 12 to IS hour; and require the rontirLttal Attention of ono 
man. Tn the first caw tb^ cokI nf l8bor uouM be: On& man at 
my %3 for &0 tona (at leaatj. i>c,. Oc. per too, and iu the aecond 
case orie nian at S3 for 10 ions (at flic hedt). i.c 30c.. a difference 
in favor of prc-roosting of 24c., so that any poaAible economy 
would diappear. FurUiermoro, aa the danger of bbwing upon 
emde iulphides for !2 or IS liour^ U greater oa regurtls nietid 
l(Bvi«i ibno n qukk o^ieruliim uf four li»ur»H iL In very Ukely IhitL 
tntitcad of an economy there would be an incrctu«e in cost, cmiiig 
to a crealer "volatiliantion of mctuK 

ThCMt remark* refer tu ordinary loud oros iritb Bay 60 per 
rent, lead und ubout 14 per cenL sulphur With orM^boTCever^ 
wjch nit ftn* ^fnc^niily trfiitnl in thr t'mf.inl ^(ntfH Mir ^vanrag^^ 
of pn>nianli[L{t urc aIjII nmn^ evident. Tbuie orvv irorLtuIii nlxiUt 
10 to \h per pent, lead, 30 lo 10 per cent, nulphur, 20 to ^ per 
eoot. iron, 10 per cent, ainc, 6 per cent, mlica. and lo^e the 
greater part of the pyritic Mdphur in the preliminar)' roojtting, 
leaving thr iron in the form nf oxide, whirb in Ihe Aid>Mrf|urTnt 
blowing operation aru m ihe uanie way as lime. For this reason 
tbe Addition of extra fluxes* euch m limcatonc, gypsum, etc., to 
the original ore i« not necessary and only a u^leAs expense. 

In eertnin exGcptionul i^a^os and with oroit poor in sulphur, 
dircrt blowing might bp H|iplic-ahlo, hnt. for the general run of 
leail orrsi no eeoiiomy con be expected by doinjc away with tho 
preliminary roaoC- 
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BM n<opmt«ry Comptiry has entered upon the 
ti «i]plium Rcid on k eomrnvrciul «caI«. Tlw Add 
s hv-prodwt. b«*ii^g tutitlp fn>m tJi« g>uv* ffnaiMtflif 
iwiiktioD of ihr- om*. rinic^tmtnttcv, mc^. by tl» 
procoo. The ncid cun l>e tiutd« At a muH 
t^ c^A, Mkd Ihus tTiAt<tna1Ly cnliAnr?c« the v&Juc of th« proc«« 
for tli» Mp&riitbn of 3iin<^ h>1eQd« from tfat 
Iqt fc oUon- TIm foUrtwinR prirtit^uliirv arcr IfrkA bom 
A fKilb piihMwil <h«rHptioii of tli* proccn: Thft onn, concn>- 
tie., Aft th* cjbM may be, arc mixed with gyponn, 
flff \ht Uttor varying front I& to 26 per cent. Tht 
ii ih«n icwiulat4>d to tho sIm of mftrblfia and dumped 
)MA % i w n nwr. The bottom of tho ch&rge ic healed from 
4l§ te 90ft 4qK^ C« It U tiit^r: hu1i}e«t^ to uii ijiiluc^ curT«ot 
vImt, M>d th» auxLlMry hmt in iLmiit] oH. Tiie d<fiuJ|>)iunji»- 
g'aoodi W7 nphily with the evolution of Iieat and tbe 
mnlitiiiH; ndpburoutf Anhydride. Tho deBulptmrizAUDa 
» \<M7 lSov\>4i(Eh. Mid no loascii i>L?ciir tlt^^ugh volatUiiAtioit. 
TW «ttlphur thu» tvfidctrd uvhiJjibltf (or Acii nifikLug U rvther 
mmv thAn nmifliAUMvl in thronv t)i(< Ttulplmr in the Agg]on»?niiei 
prodvii b«ii« «>imTvrhAt lero than th^t uccount«d for by tli« 
«l]ilHir fWrtAnMd to the Addal Rypbum. Thtia from one ton 
of It p«« cni. fOipliidAai* it U p<iECiiblo to rnuke aboixl 13 evrt> 
of «hAinl<rr •rid, fuUy rquiting 7 cwt- of HtroDg ttcid. 

Tlw i^nt At pnMint in um\ nhirh riiinpnnun a Ici&d chmnhrr 
of 40,000 ciL ft., c«n tum out 3Ci toiiB of chftmbcr Acid per wedc. 
Thii pUnt b bcanf diiplicAtod, and it ha-i aIjio bcvn dts:idcd tr 
«r«!t A lArgo pUnt At Port Rrie for uso in the innnuf*t'ture of 
■uiwrrphrHphates, It m oUiened that the production of ftulphuHe 
•dd from oft« contAJning only 14 per oent^ of milphur «ntHbludi«L 
nconli 
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IHE CABMKHAXL-BRADFORD PROCESS 

Bt Dovau) Clark 

OfdVHbbef 3. 19041 

Sobaeqncnt to the mtroduction of the HimtingtOD-Heberietn 

in AiHtnlia, Hc^bb. Cknnichmel and Brftdfcmi, two 

«mi4o]rao of the fot^Eco HiO ProprietAiy Companj, pftt«nt«d a 

pioL CBi which bora their nmme. Iiwtqd of stArtmi; with Umib, 

or timcetone uid galenft, u in the Huntn^ton-Heberian proccn, 

thej dincovercd th»t if solphftte of lime is mixed with gmkns 

mod the t«mpef«ture rmiaed. on bU>win£ & ciureDt of wr through 

the TTuxtare the tcmpenture rises and the mus is deeulphuriied. 

The pfoccflB would thus Appe&r to be & corollAiy of the originftl 

one, mnd the resctiooa in the converter are identical. Owing to 

the Boeeew of the acid proceoBn in separating tine sulphide fiom 

the taHtng at fot^en Hill, it became necessary to nunufaeture 

mlphone acid locally in larce quantity. The Carmiehael-Bmdfc»tl 

pi o Ms e s baa been started for the purpose of generating the sulphur 

dioxide D cccona ry, and is of much int^est as showing how gases 

tieh enou^ in SO, ma; he produced ftom a mixtuie containing 

only from 13 to 16 per cent, sulphur. 

Gypsum is obt^ned in a friable state within about five miles 
from Broken Hm, This is ddiydnted, the CaSO, 2H,0 being 
CCTverted into GsSO, on heating to about 200 d^. C. The 
powdered residue is mixed with alime produced in the milling 
opeaiMm and conecntnte in the proportion of alime 3 parts, 
eoncoi tr ate 1 part, and lime sulphate 1 part. The proportions 
may vary to some extent, but the Bulphur contacts run from 
13 to 16 or 17 per cent. The av^iLge composition of the ingre- 
dients is as given in the table on the next page. 

These materia are moistened with water and wril mixed by 
p*«if*g them through a pug-mill. The small amoant of water 
nsed serves to set the prodoctr the lime sulphate partly becoming 
lOaster of paris, 2CaS0, H,0. WhUe stm moist the nuxture is 
Inokea into pieces not exceeding two inches in diameter and 
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j^raftd out on a drying floor, wherv c^^cgbs of oH>>sture fie nft| 
tat«d bjr the conJoiDt action ot «ud uhI wind. 
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TIm pots iwnl Are smalj ooidcftl cBMAntix onr-t, hnni^ nn tnin- 
MciM>, ftod oJ the ttcae pftttem a0 iiaed iii iUc l\\iRiii\gu>n-liv\Ka- 
Mtt ptwws. Three of iheeo are sol in lino, and Iwo arc at work 
«|ia« tb« third is tiding filled. Those pola bas-o the damo form 
«/ (dobnt Mv«r leading to a r-rlccropir tube, and nil are cormcct«d 
1« lilt MBW horizon Ilk] I'li^e le4u]]itg In l\it* iiit^r jh>u. Darti|ien 
^If at V fated IJ) v^^^ case. A small amount of ocitd or fud i» 
M M> iW pol» and ijcnitud by a f;entlo Ivlaat; as *ood w a t€ni- 
f^ratoro of abc>ut 400 to 5(H) do^. U. in attain <h1 thcdned irti^icurc 
k M ilu m^ t^® r^^ ''^ ^"^'> ^^^ cover lh cloMd dov.ii Ami lh0 
^^^Vfimtup^ Waller in fiinL drivisn ofT, bnt aflt^r n xhoH limv 
imfcntni^ fwn» of milpHur dioxidr arvr evolved. The ainounr 
«f tte fi* *^ ^ '^ much ae H per ceM.* but it is usually 
^^ al a^Ml 10 per cent., ao ad tu have cnouK^ oxyiccn for the 
^^^^^1^,11 «f ilis dioxide 10 the crtoxid-^. The gavoa an 1^ over 
^^^j^^i^MTpotdand therit'e tt)iheij.-<iml typeoflwkdohamber 
^_ « ffp^Ay ef 40.000 cu. fl. Cluiint>c^ sicid a^one ia mad^, 
^-1^ f)^ ummtf M> be diluted for what in known ae the ntt- 

f^^^ 1«» aev been in operation Uit «om0 time and, it ia 

vtt li^M^ fluc««aaf^>l ruulf^. Th& product tipf>ed out 

4fi fMDilar to that olilainod in the Elunuti^ton- 

j yn itad b at ODce (it for the smoltere. the amDual 

'^ ^ D in^ always lece than that oi%inal]y IntnK 

^j^^ ^-^ ^.ftHiia, analysis of the <ie«u}phuriced material 

. ^ - 4 per «Qt> sulphur. 




STHE CARHICHAEI^BEADFORD PROCESS 
F Bv Wai-tkr RwntjK IxoAt.ut 

» dcatrrihcd in ['nitcd Sl«(C6 patctit NV 705,904, mncd 
July 29, 11H>2. lead xulphidv oro ii mixnct with 10 to 3o per cent, 
of ciilciuin i»ulphiite> the p^^n^onU^^e varying ttrcordmg to tho 
ICnuli' (if t^ip anu Tin* inlxlurp is ibui^nJ inU? n ctmvi'rtrr mid 
gmdunlly hcatod externally until ihc lower pfirtion of the chrUK^, 
wy ooe-third lo onc-fouith, ia raitwid to a dull-r^ hc«t; or tho 
rORCtiotift nmy hti Ktvtfxl by throwing into the empty converter 
ft shovdful of fllowi:!^ <-iiul unil turning cm n blast of jiitr nuffioicnt 
to kr4*p Ibi? 4!iiii) liLirniiiA and thiMi ff*eiJifig the rh^rgv* cm top of 
theooAl- This hratlng efTcctfl a renrtinn whereby thr knd jiulpKid^ 
of the OTt \s oxiih^ed to aulphEiti? und the rulciimi ctulphatc i^ 
rfduced t*) sulpbide- The heuted mixture heinfc contmuoiuly 
vubjeotcd lo the blast of nir, the unlcluni Jtulphidc U ro-oxidiiod 
tomilphnte nnd is thus rir^enierat^d fur f1lr1ll^rtllH^ ThiH mtd.icui 
ift cxnibfrmic, &nd sufBt-ient Kent is devnlopM to complete the 
dcsulphuriKDtion of the rhargc df ore by the i^nciirrent reactions 
bfftwoen the lend eulphate (produced by the calvium eulphiite) 
fttid portions of undeeompoj^nd ore, EUlphurouM unhydride t^ein;; 
thuK evolved. Thi? varioua reactions, which iim irmiipltruted in 
their nature, continue until ihc f^niperature <*f the charge renchps 
a maximutn, by which time the ch&rge hra shruDk considerably 
ja volume and h&s a tendency to become pasty. This bocomoa 
more marked as the production of lead oxide incr«&«o«, and m 
the deeired point of deflniphr]n7ftnrin ig at.iainer) the mixtiiro 
fuflFs; at thtti ittage the raicii^n) sulphide which is produutd fnim 
the flulphatfl c&nnot readily oxidise, owing to tlie difficulty of 
coming into actuid contact with the air in the pasty mo^t^, but, 
bein^ aubjceted to the stroi:^ oxidizing effect of the metallic 
oxIdCr it is converted Into calcium plumbate. whil^ Hulphiiroiis 
anhydride is Het free. The ma^M then cools, &» the exothermic 
reutioiifl cease, and can be rcaddy removed to a blaat furnace 
for amclting^ 
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The rOA^iiona %bov^ <loecnb«d are aa ouUioed in th« orif^iiA^ 
AiiMricftn p»teiil BpeciflfaiitiiL Trr«»peetive t^f their ttceuricjr j 
th« C«rniirh«*il-BnuKr«'d pnK.*a» ia obii*>ijaly (|uiU! somilAT u:^^ 
tbe Hiiiitingt<m-He1>erleui, and <lcublloeB owes lU ori^ia to thu^^ 
bUer. Tho dtHor&nce botwe«n Ihein m th&l b the HuntiQgtoi>- -"^ 
HeberkAO proccaa the ore ')& Hm partial!}' roMed niih odditioa 
q( lllll*, Mitl ix then €Onverteii m a Hptxrial vessel. In ihe Car- 
inicliacil-BriulfEiH pmrnd the ore ih inExei) with gypetum nnd k 
tben C30D>'crto(l directly. The fireat<ttt claim for originality b 
ibe Cannic^ol-iiraiifttrci procow may be oonsideTOd to li« in it ai 
ft iMlbo4 oC dotulphurizing gypsum, ina&mtich im not only u Uw 
galphor of t^ ora expelled, but alw a part or th« mlpbur ol 
tte ^ypMitn; and Ihr nulphur i^ dnvrn nrf jlh n ^lu of MtfRci^ntJy 
V^ tODor of 0uJphur diuxidc to enablr nulphuric acid to be 
Mdb froo it economically. Up to ihc prcocnt lime the Car- 
Mkha^Bradford proc«eB baa been put intc practical um ocdy at 
BniM HVL, N. 8. W. 

TW Bn>ken Hill Propnetary Company f rst ci<md\itit«\ a mnm 
^ MM ^ A converter capable of treuting a c]iarf;e of 20 cwu 
^%Me \9tfU ^«*rt made at the smelling works at rort i^irie- Hx- 
t^mUvt expcrim«Eit:? mndo on varicxia cJaasee of ores aatufac' 
piovtd (ho general ofTicacry nf lh« procecs. The followiag 
nit Itied in thfwp prrlimimiry rxpnrinirniJi, vie : 

f^fTft-fTwIe coiiooiitrato containing: V\>, 00 per cmtt.; Zn, 10 
.;S« 16 per ccct.; Ak, 30 oi> 

le concentrate containing: Fb, ^ per cent.; Za, 
^> yer «rt. i »h 14.5 per ccnl, ; Ag, 22 or, 

^Qtn^tMtiainiD^: Pb, 21 |jc't cent.; Zn, l7 percenU;S, 13 per 

i^^t^AVtv matte contain iriff : Fc, 42 per cenL; Pb, 17 pet 
^^ ^ VSJi ^ cent.; Cu, 2.1 per cent.; S, 33 pereeaL; Ag, 



«f varying ronipo«ition tip to ^ per cent. Pb 
^ ^. «<m abo lnc<l. 

ttvB ilime preliminary teet« wore eo sratifyiog 

,, ^ iMte iraa made on leadline slime, with a 

.=, 1.1^ vMbef ^^T volatibsalion Joaaea occurred 

,^^a>tf-rrf'*^" "^^^ particular material vaa choeeo 

, ^sviM^tkm ill large proportions at the mine. 

tvaulL of the heap loaatiiiig which haa 
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reooDtly been pnctiaed. The heap roastiDg, although affording 
j» product Gontainiag only 7 per cent. 3, which is delivered in 
lump form and therefore quite suitable for smelting, resulted in 
^Wk high lofla of metal by volatilization (17 per cent. Pb, 5 per cent. 

The result of nine charges of the slime treated by the Car- 
michflel*BFadfoni process was as foUows: 
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These reeulta indicated practically no volatilization of lead 
and silver during the treatment, the lead showing a alight increase, 
Til., 0,47 per cent., and the silver t.l3 per cent. loss. A desul- 
phuiisation of 70.4 per cent, wsa effected. A higher desulphuri- 
lation could have been effected had this been desired. In the 
above tabulated results, the term "middling" is applied to the 
loose fritted lumps lying on the top of the charge : these are suitable 
for smelting, the fines being the only portion which has to be 
returned. 

In order to test the practicability of making sulphunc acid, 
a plant consisting of three large converters of capacity of five 
tons each, together with a lead chamber 100 ft. by 20 ft. by 20 ft., 
was then erected at Broken Hill, together with a dehydrating 
furnace, pug-mill, and granulator. Theee converters are shown 
in the accompanying engravings. 

A trial run was made with lOS tons of concentrate of the 
following composition: 54 per cent, lead; 1.9 per cent, iron; 0.9 
per cent, manganese; 9-4 per cent, zinc; 14.6 per cent, sulphur; 
19.2 per cent, insoluble residue, and 24 oz. silver per ton. 

The converter charge consisted of 100 parts of the concentrate 
mad 25 parts of raw gypsum^ crushed to pass a l^in. hole and 
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retunod by a 0.2S-in. hole, tho matcrinl fin^r than 0.2h ii 
amounted lo 5 \)r-r rr^i, df th*? tt)t.iJ> bmng miumed to ihe pug- 
mill, Aft^T dtwil J ihi million in tht? onnvpripr, the prodtici as" 
tca>«d H£ foUon»: 48.9 per cent, lead; 1,80 per cent- mnt; O.SO per 
cent- maiigftncre; 7.87 per cent. Bine; 3 90 per cent, Aulphtir* 
1.02 percent, alumina; 5,80 percent, linw: 21.75 percent, iusolul)!^ 
roiidue; t(. i^ per cent . iindotermined (oicygen &s oxid^. sulpliatttT 
etc); total, 100 per rvnU 1(« wiver cfjnteni was 22 ox. per Ion 
Tilt! d«*ulpLmiEcd ore weighed tO per cent, nuire llmu tht i»» 
oODCCUtr&te. During; this ru[i 34 tons of ficid were iiuule. 

A trial was then made on 7b tone of filimc of the Mlowing 
QciTDposition : tS.O per cent, lead: 10.6 pereerLt. fine; 6-0 per e^nt- 
iroo; 2.5 per cent, marganw?: 3 2 per rem. ^blunnlnft; 2. 1 per ceal 
linitr; 3H.!] ^ler cent, jubutulrk rchldue, lotid, 100 per cent. ItA 
ttilver coubent w&s 19.3 oc. per ton. 

The eoTiverler ohar^ in this eado eoaeieted of 100 pulfl of: 
mw elimo aiid 30 parte of gypsum. Tho oonvertfid matcrUI 
uAsayed aa follows: 16.1 per cenU lead; ICO per cent, sine: 3.6 
|M"T wmL Milpliur: TtA2 per cent. Irun; 2^2ij per cent. inAngurtrap; 
4.10 jH^r ccni. ^luiijiua: SM) per cemt. lurie: i)^.8l] per cenL jn.-hjj- 
uble r««idiic; 0.13 percent, undctcrmiacd foxygcn* etc.); total, 
100 porcont'; and mlvcr, 17.5 oe. per ton. The itioiease in wejghl 
of d«ffulph\i fixed ore over thiLt of the raw ore wod il per e«ut. 
During this nm 22 Inns of ueid were: manufactured, ■ 

Tlie analysis of the gypsum UBe*i in wit'h of the aiwve lf»l« 
(at Broken Hill) was aa fnllon-^: 7&,t per cent. CaSO,. 311,0; 
O.G per cent. Fe^O^; 4.5 per cent. Al,0,; 18.0 per cent, insoluble 
rceiduo. 

The plnnt wa« then put into eontmuou« operation on a mixture 
of thn^ jmrt* nVtiue mtd one of cuncentraLe, de«u!phuriELng down 
to 4 per ccut. S. and aupplymg 20 toua of acid per week, and - 
additions "were made to the plant as soon aJi possible. The acidfl 
made at Broken Hill has been used in eonneetion with the DeJpmt 
process for the eoncentration of the tine tailing. At Port fine^ 
works are l>eing erected with capacity for deflulphuriMtion of 
about 35>OO0 tone per anmim, willi mi acid iHiTput of 10,000 ions. 
This neid is to be uulitod for the aciduUlion of phoep! 
reck. 

The ooat of detfulphiiriEtition of a ton of g^leoft codc 
by the Carmlchael-BradftirJ prucvA^, bimed on labor at $1.80 
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LEAD SMELTING AND REPINING 

p«r 8 hdura. gyp^^ A^ ^-'^ P^ ^^^^ 1^1 and odaI aI $8,40 pfr 
3240 lb., is eelim&ted aa foUows: 

0,2>S I^n of |;7)Hiwii, - ,..>..,,,.....,.,.. •■,..« *«*...,. IDA 

I>jlijr^Falirkc Hid Er^aulatinf i7pmn..*«> >.- '- >•• <10 

Diyins mixtura ol on u>d jtypvum ,..-->.'- U 

Convcfltiiig 34 

Ajiolling AlittAmI material., 12 

aoi ton cod M 

Told $IM 

The lime in the sintered product is erediMd ftt 13e., m^kini; 
the net cuhI il,52 per Um (2240 lb.) of orft. 

Th« pUnI requiml for the Carmtrhiw-LBnMlffmi procr*os f.\n 
be JgcmtIIici] -nith MiffLcient cl^umcas witlicut dmwiD^, cxccpc 
the (M>DvertGm. The ore (concentrate, ^liiner etn.) to be dcsul* 
phurii^ lA ik1iv(<r<Ml iit the top of the mill b^ oitni, convcyon, 
or other t'onvcnU-tit inoAnd^ uut) (iumped into u biti. Two scrtw 
feecleiB pljirt^ itisiiilv thn bin Kn|ip1y the mill with am, unifonnJy 
ivnJ na fnat aa It » required. Thctfc focdem deliver the ore ioto 
ft chute, which dircf trt it into n vertical dry mixer. 

A small bin > on t ho »amc level M tbeoro-bin, roccivoe the crude 
gypsum froD) car?- Thfin<<o it ifi f«d auton^Atically to a diain- 
tegrator^ which piilveriz«? it ftncly nnd dpliv<»n< it into a storage 
bill unieiiieiiLh. Tlila difliiLte^rjitor revolves at about ]7CpO r.p.m. 
ftod requires 10 \\.\y. The body of the m&chiDC ia cast iron, fitted 
with renewable wearing plates (made of hard iron) m the grindinic 
thftmber. The revolvifig porta con^iBt of a malfdable iron due 
in which are f\x^\ steel beatere, faced on the grinding surface 
with highly tenii>ereJ -iltwl. The bin th&t rfwejves tise Oouml 
gypsum coitlauiA a scrcvt coixvtyvr Aimtlar to those in the ore- 
bin, and dLimpg the tnateriul into puali eonveyore ptuteinK into the 
dehydrating funiuoe. They carry the oruahed Kyp^um along at 
a speed of about I ft. per minute, nnd allow about 20 ft. to 6q- 
hydiuie (he gypnuin. This Nppctl futi, of t^otJise, be regulated lo 
auit requirementa. 

The dehydrated gypsum runs drrwn a chute into an elevator 
boot, and is ele%'atcd into a bin whioh is on the ^me level as the 
ore^bin. This bin nlao contains a twrew ccnve}*or, like that in 
the ore-bin. The speed of delivify is regu!ftt4vj to detiver thfr 
riglit propLfrtioii of dehydrated gypsuin to the muer. 
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The mixer is of the vertical p&ttem and receivee the sulphide 
ore and dehydrated gypaum from the screw feeders. In it are 
set two flat revolving conea running at different apeeda, thus 
ensuring a thorough mixture of the gypsum and ore. The mixed 
material drops from the cones upon two bafHe plates, and is 
wetted just before enteting the pug-mill. The pug-mill is a 
wrought-jron cylinder of J-in. plate about 2 ft. 6 in. diameter 
and 6 or 8 ft. long, and has the mixer fitted to the head. It 
contains a 3-ft. wrought-iron spiral with propelling blades, which 
forces the plastic mixture through j-in- holes in the cover. The 
material comes out in long cylindrical pieces, but is broken up 
and formed into marble-shaped pieces on dropping into a revolving 
tronmiel. 

The trommel is about 5 ft. long, 2 ft. in diameter at the small 
end and about 4 ft. at the large end. It revolves about a wrought* 
iron spindle (2) in. diameter) carrying two cast-iron hubs to 
which are fitted arms for carrying the conical plate i in. thick. 
About 18 in. of the amatl end of the cone is fitted with wire gauae, 
so as to prevent the material as it comes out of the pug-mill from 
sticking to it. The trommel is driven by bevel gearing at 20 to 
25 np.m. The granulated material formed in the trommel is 
ddivered upon a drying conves^or. 

The convej^r consists of hinged wrought-iron plates flanged 
at the mde to keep the material from nmning off- It is driven 
from the head by gearing, at a speed of 1 ft. per minute^ passing 
through a furnace 10 ft. long to dry and set the granules of ore 
and gypsum. This speed caa^ of course, be regulated to suit 
iequirem«its. The granulated material, after leaving the fur- 
naee, is delivered to a single-chain elevator, traveling at a speed 
of about 150 ft. per minute. It drops the mateiial into a grass- 
hopper conveyor, driven by an eccentric, which distnbutes the 
material over the length of a storage bin. From this bin the 
material is directed into the converters by means of the chutes, 
which have their bottom ends hinged so as to allow for the rai^ng 
of the hood when charging the converters. 

The converters are shown in the accompanying engravings, 
but they may be of slightly different form from what Is shown 
therein, i.e., they may be more spherical than conicaL They 
will have a capacity of about four tons, being 6 ft. in diameter 
at the top, 4 ft. in diameter at the false bottom, and about 5 ft- 
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deep. Tbef h« svtmg on ttst-iron tnuuuons boh«d to the 
body mad tamed by merna^ <^ m hvid-whed and worm (not shown). 
Th^ aiv earned on fltnng cast-iron standards fitted with bearinga 
for tnnnaoKmj and afl neceoBary Ismckets for tilting E!^^^^ '^^^ 
hood has a XABtopic funnd which allow? it to be raised or towered, 
w«i^t4 bemg mod to balance it. At the apex of the cone a 
damper ie prorided to regulate the draft. A 4-in. hole in the 
pot aUows the $ar &om the Uast-pipe, 18 in. in diameter, to 
ento- under the falae perforated bottom, the eonnecUon between 
the two being made bj a flexible pipe and eoupUng. Two Baker 
bloven rapplj the blast for the conv^teis. The Ecatttial, aft«flt 
b^ng sintered, is tipped on the floor in front of the converters 
and is there broken up to any suitable aiae, and thoice dispatched 
to thesmettcn. 

The I rr firiiij power for a plant with a capacity tji 150 tons 
of ore per day will be supplied by a 50-h.p. oigine- 
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Bt Waltka RnNTOM I^fOMJA 

Tti«T« lire in UNO ut xhe preaent time thr«e proc owg for tb* 
dfaulpbitruntion ot ^nlerm by the DCrw riioT.Kf>d, vrhlrH hu ban 
referred Ui »j< the " limfr-njjurtiDg of galtmu" The Huntiiigtoo- 
HeborlciD uid the Cjumlch&d-Bndfori procceeca hAVO been pf^ 
v)ou«ly dcacribc<l. The third pmccaa of tbis type, vbieii u 
H>in«i r&^pectH in mon^ rcTnitrkriblr thun ^th«r of the other*, k 
th« invention of Adolf S»vrlsl>*frg, director of th« emett^ry at 
RAmsbcc^k, WcHliilinliA, GftrmAny, which u owned by the .\kU 
Oesell. r BcrKbau, Blci. a Zinkhi'ittrrnbctncb vu Stoltbcrg tu id 
Wcelpholcn. The prpccf^ is in ir^c M tho Kftmsbock and 8W' 
berg lead emcltcricflof thjLt company. It 10 dmciibod in AtMri- 
c&o patent No. 755.59S, i^ucd Mnrcb 22, 1904 (Application fitod 
Dec. 11%, IdCKj). Tlie pnicc>44 is welt outlined In Ihe warda of tlie 
inveiitur hi tlie specIQcattoD of that p&tent: 

"The dcsulphuriilng of ocrtaiu ora hu been tSwted by 
blowing air through tho ore in a chamber, with the object of 
doing away with tho imp«H«ct and costly pioces of r^ifttJng in 
ordiniLry fumarw; bnt hilhorlo it haif not be«n puasible ntisfao- 
Uirily to deaulphuriM lead ores in this t[i!iiin«r> aa. tf air be bUiwn 
through raw lead ores in acocrdancc with ciihcr of the piroooMea 
uaed for treating coppor orce, for example, the t«mpemlur« ntna 
flc rapidly that thci unroasted lead ore idelis and the &if cui no 
longer art pn:k|>er1y upon it, bet-iiuse by reason of this nulting 
tie aurface of the orc« m cori^Uetubly dt\ir«dL.-&adf lh« gmUAr 
nomber of poinU or extent of surface which the raw ore origiruUy 
prceented to the at'lion of the o\>'KCn t^ Ihe air blown tlmntch 
bein^ Iobi, aad, iDoreover, Uia furthur blowing of air 1hix>UKb 
the molten mass of ore produf^ea meialUe lead ftnd ft plvimblferoua 
da^ (iu which ihr- kW oxide i:urnl»ini« with thti |r^igu<*) arid alit» 
A laige amount of li^'ht duat, conaieftins mauily of !itihttmat<d 
load aulphide. lIualiD£ioii and Ucbcrloiii have propoaed to 



^ 



UMB-ROASTINQ OF GAlXIilA 



m 



overrome tlioe nbjeclianfl hy ailopttug » middle course, coruiLaLzng 
in m^uwtitij^ the um mill TIm ttddilion of Unitttoiie for overcuminc 
tbc ready fu;tibilitj of the or», and then ftuUjecting iheni to the 
Qiction 4>f the current of ur in the chamber; but thie procctt u 
ool •atinfiLCtory, beCkUM it Htlll i^uireft th« eoatty |>revioui 
opwftticn in u miiaiing funmce. 

"My invrntinn w Utiscd ou the olBrrvAtion which I hhvia 
tnadc thai if thf lend ores to be d^sidphimncd contnm u tuifHricnt 
quantity of iimcstonc it is pot^ible, by ofmcrviiiK certain pr^iLU- 
tiooBf to dttpoiM ficttiroly with tho previous roiukting In a n>[LMtiDi( 
funiMr, aod to d«uIphnnKf^ T.h(>i>r^ tr r>n<' »pr>nilii>n hy Mowing 
air through thrm. I h;Lvn round thal^ thr jt<idili(iTi of timfwtono 
readers thfi routing of the lead ore uiuioce»axyr because the 
timotone produccfl the following cRcet«: 

"Tho particle* of Itrnvtone act mechanical )y by MpfLrating 
the partioles of lend ore fnim i-nr^h cither in Nnl^b ft wnythnt prem- 
HUitf. 9Lgg]o meruit inn is prr%-rni.i^t und thn whol? niAin i^iloo^ned 
and rendered acfre»aiblc to nir; and^ moreover, the hnieaioiie 
moder&tea the high reaction tempcratuic resulting from the 
bumiog of the sulphur, no that tho liquefaction of tho galena, 
ibe sublimattOD of lead sulphide, and the sopanition of metaUio 
lead ftTF flvdiHed. The modenviirin nf the temperatnre cf reaction 
t« caused hy the decocipvjaJtiuij of the Ihrtehtuije ml4j ctiuHliu 
lime and carbon dioxide, whereby a large amount of hervt becomes 
Iat*Mit. Furthar. tho dceompoailion of (he linicetone cuu&c« chem- 
ical reactiona, lime being formed, which flt the moment of it« 
formation \b partly oonverf ed into sulphate of Ume fit the expense 
of the aulphur coiit&tiied in ihe ore, mid Ihln f^ulphnl.e uf lime, 
when the scorificatiou takee place, i» itaiiafonnfd into calcium 
fiilioato by the eilicic aeid, the oufphuric ai^d pruduced (hereby 
escaping. Th« Umeetone aleo largely contributes te the d«dul- 
phurization of the ore, &s it causes the production of Aulphurte 
acid a-i the expeijst? of the ftulphur of the are. which aulphnrto 
acid ta a powerful oxiduing agent. If. L]iert-fore, a mixtuirr of 
Tttw lead ore and Itmcutune {whicli mtxtore muat, of courttc^ 
eontatn a aufiicient an^ount of ailicLC uf^iid for forming; eilieatcd) 
be introduced into a chamber and a current of air be blown 
thniugh the mixture, and al the snma itnie ih*^. ]aut of the nuxturvi 
which ia uear the bloHl Inlet be ignited, the combuAtioii of the 
IphuT wiil give rise to very energetic rcactious> and sulphurous 
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ttdtJt sulphuric acid, load oxide. »ulphatw and fiili«at« arp p» 
cluoed. Til* fiulpburouit a^^ul nwS cho carbon dioxide caeape, 
white Ili« sufphuncT arid luid Hiil|iJ:ati^ nrA in their torn 80 ons^ 
dising agento on the ucdecompotwd ^alciu. Part ot %ho Kulpbalo 
u deoompooed by the ailioic acid, Ihcrcby liberating sulpAiutk 
add, which, as alroady stated, acU sm ad oxidiaiug aecni. Tbt 
ramaiiuiig lead oxide combiAM finally witb the gangtia of i^ 
ore and the non-volatile con^titucnu of th« 6ux (tbe tinuouoae) 
u» iarm the requirod aJa^. Th«ae Mvexal reaclknui cominimm; >t 
lUe. {An»i mlet al tbe bcttom of the chamber, and extend fcrad- 
ually li>ward the upper portion of the chargo of ore and limcotonc 
L^uefaction of the ores does not take place, for although a sIije 
U formed it is at once solHlfiEd by the blowing In of the air, the 
liasaaf^m formed Lhexeby lu Lie liaaleiuog ulag allowing of thi 
continued passage therethrough of tbe air. The final prodgct ii 
a bilicate consistinf; of lead oxide, lime, aJicic acid, and other 
coniftttueuta of the ore, which now contains but tittle or no nuj- 
phur and eonsiUut<« & coherent solid maas, which, whea brolita 
into pini^di, funib a materUl bUit^LbliT Lu Ik- nim*lUvl, 

*'Tlic quantity of liiiieetone recjutrtHl for ihc treatment of the 
lead oree varicv acccrdinfc bo the nonutitutioD ol the oree. It 
ehould, however, amount iconcrnlly to from I& to 20 per Ctttl. 
As lead oro8 do not c^ontain th(> ncvrA«Ar>' amount of tiraeMeo* 
afl A natural ron^tihnmt; a cfinmrimibl^ arnount of limestone 
oust be added to th<:*nj, and thui nddiLion may be made eliber 
during Ibe drcftgine of the orr^ or cubscqucntly. 

"For the eatiiifactory working of the proccee, the fellowtng 
precautions are to bo obftorvod: In order that the blowing in of 
the air may not i?aiwe parT,icla» of limestone to escape in tbe 
form of dimt before tlie n^artion )>egins, it is necaHary to add to 
the charge before it is subjected to the action in the chamber a 
eonaidcrable amount of water — say 6 per cent, or more. Thb 
water prevenus the escape of duBt» and it also contnbuioe ooo- 
siderably to the formation of siilphuric acid, wtik*h, by ita oxi- 
dialng action, pronioteH the reaction, and, consequently, alM> tbe 
df«ulphuri/,/LLiuTr li r« advisable, in conducting the oppratinn, 
not to lill tli« chuinl>€r with the charge at cnM» but firat only 
partly to fill it and add to the oharge gradually while tbe chamber 
M at work, as by this means the reaction will take place mor* 
fiLuoutJily ill the inaeH. 
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It ia ■drinlag^t— I fto pnoBttl 



Tte iMtton pfert 



B «huabar «f wmf 



wQtWi tt piwidra wiu ft gfw/tMf on 



rhieb ia bU and feritttd a ttisve <f f«d («nl, «Ql», or tfae n») 



awtpiMgaofllMiHwi B7Bbii«lte(oel«kk|iiMa«f 

«Uioe Ibe beaiiug pvwtr of ihe fud ie ledum i sad tfe pmt« 
pn>t4Ct«d. while tt lh« Mxae Ume prtnatorr iriflrim «f the 
lower put of tfae diAfge ■ pcvroiced; or Uie cnie ottjr be bat 
covered with a kycr otf tlmmmr aod tfat fail b* Ud tbawn. 
wid Uivn vxiUw I^cr c^ Gnstoae be pbnd aa tbe fori. Oo 
Ibe trntoul tliiB plwed m Om clttiabc, * taifenn duufe of 
lend oteaad l iniCT toD c — ny about 12 is. U^ — ii pboed, tkio 
bavioic been m omUn/ed am prtmndy csplaiBad. Under tha in- 
flncDM <d tb« mir-blMt Kitd tb* beat, tb« r«*tuott» hawiobefoie 
dAB^Titjnl ukr plftcv. Wb» tht i^ipv aorfaM of tlm finA lAjrcr 
bcdMooi nni-hnt. b funb«r cfau^ ii bid tlMrm, and faftlicr 
ch*rcoa «rc jcnutttsIlT iDtrodticed H ibc mfacv of Um pc d c tdinf 
charge becomca nd-bot, xmiH the cbambcr is full 80 long a« 
dufictia mn Kttll introdneod a fabat of air of but low prwHUW b 
t>k>wti Uimqgh; hut wbcn tW ch&n^wr b AIM a brf^ quantity 
of air «t A bighcr pramire b Umtn thiou^ TIk Beori5catk» 
proooM tbon takes pbce> a rtry pow«rfuJ deeniphoriaatioii having 
praeoded it- Poring the wonfication the d^BUlphtirbatioo b 
oompbt^d. 

"When th« prticeBa b ciompbC^d, the chainb^ b tiUcd %ivl 
the dcsulpbnrbed noan falb out and le broken into miaU pbca 
for sQidtinc.'* 

The <irawing on page 190. Fig. 17, ebowe a side new of Uio 
nppaiatna used b eonneciioo with the proceee, which will b« 
readily underetood vHhout special d€script:on. The dotted Imm 
abow the pot in ita entptyios p(«iik»n. The veriee of opcrattoiM 
b dearly lUiaAnUcd in Figs. 1S-20, whkh arc npzoducod from 
phcAoerapha^ 

Thb pfoeen baa now been in practical uee At lUtTuthpck for 
three yenn, where It im i-mployed for the diwulphuriuitiiMi of 
gabna of high grade in U-jul. mith nhich arc mixed ijuartioM 
ailrcr ore (or mnd if no such ore be uvailablo), and calcarooua and 
rerrvginous lluxea. A typical charge b tUU pnrtit of Icttd on>. 
10 parta of quartaoee silver ore, iU panG of vipnlhie iron ore, ajid 
19 parlfl of liQi«8toi>e. A thorough mixture of t1it- ciimiKm«n1a 
b estienlial; after the mixture hw» been effected^ tbc cbargo ii 
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tbuniughly wttud wixh sbouL 5 pet cm/L of wmter. vlik4i « 
vfttofiivfid to play & throofoM functioo in tht dttolpfaunuig 
opontkuij ofti&cly: (1) p««rr\'atioii of the liomogcodty of tte 
mixturo duriiig the bhving; (2) roduction of t^mperatun (lurtaff 
tlic protflK^ sod (3) fonnfttion of sulphuric acid Ia the pro cwi, 
uliich pfOEiuitoi the dei^ulphuriz&tinn of citv orv. 

Tbfi oioislened ch&rg« ia conveyed to tli« coai«tn>t, iftto 
vUcti it b fed m thin layers. The coDvert«ra an bcauspheriMl 
MH-iroft pots, supported by truauioua en 4 inick, aa ifaom b 




Fro. 17."S»*Biflbrrg ConverMr 

^>nTirrr ^ngnivings. Ejtcf pi for this rnetbod of euppon, 
thv |ul moVAblo, the umkiigemmt U quite sinkltet 
iieBipb>y«d in Iho Hutituigti>n-Hcberl«ifi procen 
iLCt now in use Li Kainalx^k hare capacity for 
W ol cbaq[^t but it is lh<^ inlt'ntron of iho fnaoaga- 
ihD capacity to 10,000 or 12,000 kg. Previously, 
jfiijo k^ rapacity were einployod, Buch a pot 
1^, uciu:^ve of the trurk, TUe air-blast ma 
T^^ ». <;^7'- ca. ft] per min., bcAianini: at a proaure 



UHE-nOASTINO OF GALEN'A 



191 



of 10 to 20 cm. of w&t<T (2J to 1) ox,) And ri&tnK (<> 60 (o 60 cm. 
(Ill to 13) ot ) wbeii the pot was completely lUled nitb chfirK^- 
The dcAuIphurl^atioD of & ehuge Ib ooinpleted b IS hourv. A 
l»t itf Allendtnl by ()i)R nittc [wr eliifL of 12 liuuni; ibb im ofiTy thi* 
ftttenticn of the pol proper* the labor of con^^yirg mAtf^rml to it 
And brettkja>; up the duAulphurixcd product bcinf; cxim. One 
iruiB per tbUt should be able lo atieod to two potu, which is the 
pnotled b the HuntioKt^n-Heborlein planu. 

Whea tbecpv*ml.ii>u iti ihtt jmL in i^oiiijiU-ti^l, the hitter in liimifil 
OQ ita IruunionBp until the cli&rge slides out by gravity, which it 
doCfl AA a w>]id culce. Thie i» cauaed to fall iipoc b vertical bar. 
whieb brcului it iitto lurge ^eeee. By wedgmg und dl«ilging theee 
are reduceit to tuinpfl of auiiftble aiie for the bbst furnuce. When 
the ujiKfuLiuii iiuH betui prnpeHy ctarductetl the charge Is rc>duced 
to Alx>ut 2 or 3 [ler cent, sulphur. U lb expected that the iu<e 
of l&TKOr coDverteje will show ev«D more fftvorablc rcoultft in tbid 

CtieulftT. 
As bi the Huntlngton-Heberlein And Cttrniicbacl-Brftdford 
Ijjuc't^niw^ line cif the grealcflt julvrtntuges of the SiivrNln^rg 
proCf;!Ni in the nbUity lo cffei^t a tcchricuUy hlgli dt^tcr of dvvul- 
pburiution with only a otifht ioos of lend nnd ailver, which is of 
ccunc due to the perfect control of the tomprmturo in the proccM. 
Tho praise loss of It^Lid hiu not yet bcfn dctifrmini^, but in the 
dcstnlphiiriKation of gjilarnii rntitainitig 60 to 78 ppr rrnt^ 1»^, 
the los! of Icttd is pmbably not more than I iJrrcrnl. Th«tj 
ftppcar^ to be do loss of nilver, 
H The proeci^s U applicablo to & wide variety of Icod-sulphidc 
"oiw. The ere Irwilwi at Rrnn^becl: contAinA 60 to 78 per cent, 
lead and about ,35 p*^r c^ni. of uulphur. but ore f™m Broken Hill, 
New South Wales, coritaining 10 per cent, of kidc bus aIao l>oen 
treated. A zinc content up to 7 or d per ecnt. in the ore is no 
drawback, but ores carrying a higher pcrcenta^ of einc require 
a larg«r addition of siiioa and about 5 por cent, of iron ore in 
order to increase the funibility of the charge. The ^^hurge ordi- 
narily treated at Ramsbeck \& made to contain about 1 1 per cent, 
of fliticn. The prceenco of pyrites in the ore i» favorable io the 
dcftulptiurication. Dolomite piaye the sninc part in Iho proCMfl 
that limestone doee, but is of couree ]e«a desirable, in view of the 
HubKc^uent nrndting in the blast furnace. The ore is bwt eruahed 
to About 3 mm, «ise, but good refiults have l>een obtained nith 
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ora conjwT in ftize Hiaa tli&t, Uo\^'cvcr, the propef sise ta sofDiy 
ffhatdcpcndtint upoutbccihar&ctcrof thdore. Tli^ blflM pnMure 
roquired in the convener is also, of course, mmewliAi depeodnt 
upon the poruiuty of the cliarge. Fine sUmes &re worked up by 
mixture wiUi LUiarsrr ore. 

1n uiAkiikg up the c^hnrge, the proportion of limestone la not 
varied much, hut the proporiioDfl of mlicra and iron muat t« 
carefully raodiiiod to suit the ore. Certain kindd of <>re J«vc » 
tendency to r^matn pulverulent, or to retain balls of ua&inier«d. 
powdered matpHal In srueh ciukh it ix niwiuuary to pruvidc more 
fuflible material in the cliar^, which is* done by vAr>'ing ike 
proportions of silica and iron. The cliargc nauvt. moreover, be 
picp&fod in auch a manner that overheating, and coiieequcritly 
tike troublesome fusion of raw galeua* will be avoided. 

The eaaenUal difference betwMn the Hunlington-Heherleui 
and Savelaberg prnref«e8 ]» the use in the fiinTter i)f a p^rtiiilly 
(iFAolphunzed oro. contnimng lime and Aidphfitc? cif limri lujd tho 
use in tho Latter of raw ore t^iid carbonate C3f lime. It id clfum^d 
that the latter, which loaoa iXe carbon dioKido in th«f convcrt<9» 
necceaarily plays a different chemical part from that of <iuiclc]ime 
orgyjwum. Irrenpeftivenf the rpai^trnnn, hfiwpvcr, theSavoUbw^ 
|>rocea hajs the grcnt. ecnnumit? odvantiige of diApriiLiiin^ with the 
prdiminary roj^ting of the Huntinglon-Heberlcin process, where- 
fore it te cheaper both in SiBt cost of plant and in operation. 





THE UME ROASnifG OF GALERA ' 

Bv Waltkr Ukntuk Ini«au« 

During tho liiift two y^an, and Mpecially dunnf; ihe laat tix 
month)!, n ruinltt^r iif importnrit itrlidt« u|X)ii iIik nt^w ini-thtxJK 
for the timulphanuttion at ttnlenti hftve hetxt publiab«fd m the 
technicnl ponfHli<?ttls, pftHiouUrly in the Engineering anti Minivq 
Journal and in M titUlurtfie. 1 prog>08(Hi for tl]<!«o methods the 
type-cutino of " Umo-niuntinK of f^aleoA," aa a cotivenS^t metal- 
lurgical Hnniiifirjil.iiiTi,' unit ilutt l^-riri h«ji fnuml r^mii' MrrrT>tftrt<*r- 
The&rtidfv rc-fcrTL-J to huM' shu^vii \hv gn^nt pmciM-nl intiioitHrtre 
of th«M new proccfi8ft3. and tho general rccoenition of their 
Dn^tAlltjriT 1(^01 and commcroml vuluc, which hnti ulroady bc<^n 
ftccord«d lo them. It is my priscfiil purp<iW' to review hrn^ly 
the changes developed [iy Ihein in ]Ji(> tnt'tflUtirfcy nf Irad, In 
which connection it is ncc-fsuiry In refer briefly Ui the previous 
ttUite of the an. 

k The eUmination of the sulphur content of giilGnd has been 
'idwaya the [uoat troubloeomo part of tho smelting proeces. being 
both coelty m the operation and wrwteful nf stiver and Lead. 
Previous to the introduirtion of ihe Hunting tar i^Heberlt^in process 
at f'eftusola. Italy, it was effecleii hy a variety of methods. In 
the treatment of nc^u-arj^entifcrous galena concentrate, the amelt- 
ioj; was done by the roaBt-reductioii method (roasting; in rever- 
beratory furnace and snnelting in blast funiaoe) ; the roaat^ reaction 
method, applied in reverberatory furnaces: and the roosUreaetlon 
inr^htid, appIiciJ in Scotch hearths.' PtM'ipitation ameltiog, 
aimple, hod praetically ifone out of use, althauf-h Its reactions 
enter into the modem lilast- furnace praotioe, as do also thoee of 
roast- reaction method. 
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A papor pK«ont«d it^iarti ihv Jln^nvon ]ii«tittJl« of Hinirig Kn^nvon, 
July, 1900 

■Tbifl tfritn ui incKiict, bMBiuo the li«Dittui omployDd in the U:iJt«d 
Btalcs mn uo( vtriclEj "Sootch bcwtlu/' but tboy an: uQuimonl}' Icnoviu ba 
mv*h. vherctfitv tny uk of iliA leriD, 
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In ihe troalmont of ar£CDtifcroiis lead eves, & comblfiatMD of 
the roast- reduction, roaflt-ro&ctioD and prw^ipilMbon aiclbodi 
Uad bcec developed. Orea low tD lead were ^UU roAsled, <^My 
in haud-^vctrked reverberaroncs (the meohankal fufuaeca cot 
hnvitig jiruved nell adapted tu lead-bmrin^ ortu)^ whilr tbci bigb 
l(iM of \fiMd aiid silver in aint^r- or «]a£-rofi^in|t of rich ftilcsafi 
had CLia-^ thoee procceeoa Ui bo abandobed, asd such orM wen 
charfCvd ruw mU» the blast furoaoe, the part erf their mJphur 
which fttCApod oxidation therein reappearing in tho form of 
mattp. Iti thtf ruiut-rvdiR-lion ^rue^Uing oF ^If-nii jJonp, bow- 
ever, thcrv wna m> way of avoiding the toaaiu\^ »f tbe wfaok, or 
dt least a verj Uitkc percentage of the ore. and in thia ronatiiv 
the ore had no(*eiuarily to be elofyred or aintorcd in ocdcff to clioi^ 
inate the sulphur to a smtbfuctory extent. Thla la Men>pl:ii(<d 
in the trpatniottl of the galena cctttcentmte of wiuthoastWD Bfii- 
aouri at the pimnnt tiJnr^ 

Until the two new Scotcb-hcnrtJi plants at Alton and CoUina- 
ville. III, were put in operation, the three procoaaoi of amdUni: 
tJio eouthoaat«m MiH;ouri gnlenu wore abcut on an oqual footing. 
Their reaulta per ton of oro or^ntatnicg 6& p«r cent, le^ vere 
approximately as foUowa*: 



tdMTWOtt 

ItcYcrbcmtorr ,......., 

Scotch limrtb ..,...,,., 

Rooflt-ndutitioD-- ^ 
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16.50-7X10 
fi.75-«L50 
6X)0"7AI 
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The new wnrks employ the Seotcli -hearth pnveMn, with bag- 
houaea f»r the rerovery nf the fiime, which previously waa ibr 
weak point of this method of amelting.' This improvement led 
to a larKC increaise in the recovery of lead, so that the onlirc 
extraction is now approximately &8 psr cent, of fbe content of 
the ore, while on the other hand the eost of smelting per ton of 

■ Pcr<«ntJMC™ *^i lo*d in MiMoiJii pnitti™ wc iKuod oa ihc wl wnny; 
umong tbc flilvpflTfut imcltoni of the Wni the lire oflny in vtiil gnaenlfy 
afspioyQu* 

•Tlii» ijiij^ruvwiiont did nut iniiinmlr »l vllh^t Altuji ar O^flliunviltv li 
tud pnkvioirHly Iwii In iiw Ht i.hff wr>rkrt nf rhi' Miuinuri hnvilfiTi^ Cj^inpany 
at Cholteaham, St, Louie, but (bi> idoa originAtai froin tbo prurUo* of Ui» 
Roher Ixad Compouy, of JopUu, M^ 
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one bos been reduced Uirou^h LTie iiicnuted ttiu? of th««9 jHadU 
aod ihe intrtxiuctiou of improvftl nieaiu» for Imnillifj^ ore auil 
B&tflTi&l. The practice or tlitee wrorka rcpreitCDtA the b]|;heet 
etficienoy yet obUtined m this couDlry in Ihc »nicUinx of high- 
grttde g&leoA conceoirate, and probiktiy it o&nnot btt equaled 
«ven by ibe HuiaiDgloD^Hebedehi ^icid NimJInr pmccwM, The 
8ci:itrh-hpiLrtb and bag^bouM proooBB a tbcrcTiyre iho ooe of the 
older metboda of ametling wrbich vriU mirvtve. 

In tbo other methodd of HDidiinK* a liknce proportion of tbe 
OOtft is involved in tlie roAJiiiTig of the ore, vthkh amounts in 
hauid-wtirked reverhrratory funmcce U> $2 lo %'2,bi} per ton- 
Abo, the Unccr pnjpoHinn of the Uiat of mrlul ih ^^ufTered in the 
rooistuif of the ore. thi« loes nmoimtinK to from 6 lo 8 per ceitt. 
of tbe mclul content of such ore as is roMtcd. The loss of lead 
in tbe combined proccee of tnatmont depends upon the detAiJa 
of the proc^m. The chief advsntRgo of lim^ro^ting in the treat- 
ment ft>i thiit vla^m of orB le in tho Kig\tpr exUiK-tKin of meUl ivhiob 
it Affords. This should rise to 98 per cent. That figure hua 
been, indeed* surpaasod in operatione on a l&rf:e scale, extecdini: 
over a coufijderable period. 

lu the treatment of iha urRentiferoua ores of Die Weat different 
ndttiorm enter into the conAiderution- In the woricinj; of thof«e 
cirw*, the present jimctirn is In numt only thiwrt which are low in 
lend, fttid rhnrge raw into the bloat furnace the rich galenas, 
he GOflt of roasting la abijut $2 to t2.W per t<m\ the coat of 

elting IB about $2.50 per ion. On the avorm^e abcul 0-4 ton 
of ore has to be roosted for every ton th&t xm imvlted- The coat 
of rctnxting and nmelting is therefore nboijt $;).^0 p^r icin. In 
^ood practice the recovery of eilvcr is fll>out 98 per cent, and of 
lead about d5 per cent,, reckoned on hMw of Src assaye. 

In treatment of thcee ores, the limc-rosj^ttng proccAt offent 
mveral advantegM. It may be performed at laai than the ecA 
of ordinary roaKiing.' The lows of silvpr and \rsu\ during Hie 
nj&s,tii]|^ i* reducwl li» insignificant propr*Tlit>n. 'I*hc sulphide 
fines which roust be cbarsod raw into the blast furnace oic elimi- 
naled* inasmuch as they can bo efHciently doFUlphuriKed in the 
llme-roafetinf: pots without si|>iiificant loss; all the ore to be 
smelted in the blast furnace can be, ther^or^, deliver^ to it in 
Corni» whereby the speed of the blast furnaee is increased 






^ 




196 



LEAD SMELTING AND RKPfKL^Q 



< 



aod the viad ymtm^ requkr«d ia dect^^^tfd. Finally, ibe ptf* 
iBDtai^ of snlpfaur tn the chftrge Is reduced, produc-]ti|^ & lower 
UMUvfrnl!, or 00 a^tie-faU wlule^vt, with coodequeitt aviug 
tD cKpeoae of ntntttmoit. In the case of ft neir plant, the fint 
coat of coaAnmioa and tbe CTOuod-epa<« occupied aio inatarialtr 
tedoMd. b«fof« dmiuaing mora fvUy th« extent acd nature of 
theae MTiopr H ia adviagible to pobt out iKl* diffitrfatrm mmacg 
the three pwooawi uf luno-rua^ling ihuL buve itlreiMiy cudk into 
practinl aac 

Ln the Hunitti^mi-HcJwrlciQ piotoan, the ore is mixed with 
■nitAble proportions of Umestooe and EtUca (or quartxose ore) aod 
ia iheo pftrtially rtio^ed, say to rodtidioa of the sulphur to one 
hjjf- Thn noaeting la dofw at a cnfr^pftmiirdjr low teniftrmttm^ 
u>d th<? Loev of loeUla is covei^ocnlly stmaW, The rojuiod ore is 
dftrnpeocd Aod allowed to eooK It is then charged into a hcmi' 
aphcffieal caat^ion pot, vith a rnovabte hood which covers tha 
top and eoQVQja off the gavoA. There b a pcvforatod grat« ta 
the bottnm of the pot, on which the ore tnst^^ and air in introduMNl 
tknrai^ a pipe enierinf the bottovD of the pot, under Uie gnJic 
k naU quantity of red-hot caJcioea from the Toaatiiig funiaoea 
ia thn>wn on the grate to etart the reaction^ a layer of cold, 
aaaai-ioftated ore la put upon it, the air blaet is tuntod on and 
Wftetton beglna, whieh manifeets iuelf by the r?opiou8 evolution 
of 5ii!phur ftunea. Tht«e oonaiaL cluefly of sulphur dioxide, but 
tbey coGtaiu tnore or lees trioxide, which is evident from the 
aolutioQ of coppenw ihAt trickles from the hoods and iron amoke- 
pipee, wherein the cnoisture oondeoses. As the reaction pro- 
grOBBea, and the heat creeps up, more ore is introduced, layer by _ 
layer, uiitH the put In fulL Care b taken by the opemLor to^f 
compel (lie air to ptata eretily aad gctiily thitrugh the rhnrge. 
wherefore he id watchful to cloee blow holes whish develop in i\- 
At the end of the operation, which mAy Irt^t from four to eighteen 
houre. the ore becomes red-hot at the top. The hood ia then 
punliod up. iifid (he pot is turned an lis truiiniutis, by rnrsim uf 
It hand-operatod wheel and worm-gc^u-, until the charge nlidce out. ■ 
which it does us a solid, sotni-fu&cil cnke> The pot va then turned 
back into postUon. Us design is such that the air-pipe makcft 
atitom&tic connection, a flange<i pipe cast with tbe pot «ettUng ■ 
upon a similittHy flunged pipe cominumonting u-iih the mainn a 
suitable gcuski^l fiet^iug to make u tight julnl. The pola arc set 
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at &n eldvstioD of about 12 ft. above the ground, ao that when 
the (^b&rge iikles out the drop -aW) lirE^ak it up toM>iii« extent, 
and it a iiioicover ciUsHl lo fiUl on ti w*?Jge, or flinsiliir cunlriv- 
ftncc. to owbt th« break^e^ Aftifr cooUng it ia further broken 
up to fumuco BisQ by wt^dging eluiI sJedf^irig; the lun^pn urc forked 
out, and tbc Ciuef screentvl ixnd returned lo f^ sub&e^fuent churge 
for completion of fhelr deeulphuri ^aiion, 

Thi? f^nvirlslterg pmcess (liters fnitii the Hiiiit'ing:r.on-Heber1etTi 
in nxpoct to the preliminary rooAtiDg, which in the ^vc!«berg 
proccn io omitted, the raw ore, mixed with limestone And eilica, 
bouis ch&rgod dircrlly into the eonwrlcr. The ^aveteberR con- 
Tort«r is supponed on a tnjrk* inst^iul of being ^xed in po«tion» 
but otbatrwiHtT it** de*ipi nnd msnngement. nre quite similar to 
thoAO of tho Uuntiu^ou-Iicberieiu converLcr. In neither caae 
jLie thcfe any patents ou the converters. The patents are on 
the pTO0€A«ee. In view of tbo litigatior that h&s alnsody been 
eommeaiced bsiwoen th^ reapectivo owners, it la interesting to 
examine the el aims. 

Tbe nindiit^lou-Heberleiii patent (tJ, S. 600^47, iwued 
UatcIi 8, 18d8. applied for Dec. 0. 180G) baa the following claima: 

1, The horcb-doi^cribcd metliod of oxidizing sulphide Dice of 
prepurulory to rmluetiou to mct^U, wtiit'h eonsislfl in mixing 

with the ope to be trcihied an oxide of an tilkaUne-eurth metal, 
ctui-h Afl cnliiium i^xidc, subjecting the mixture to heiit in the 
prcoence vt air, Lhi^n reducing the temperature and fmully prissiug 
air through the miitvi to complete the oxidation of the lejui, suh- 
stanttdily uu unfi for the purpofw set forth. 

2. The here m<d(i«en bed methoci of oxidiiing unlphide ores of 
\cjLti pn-parntory to rpduptinn in nietiLl, which roiisJBds in mixing 
caleium o^ide or other oxide of nn alkaMiie-e-arlh niefal with the 
ore to be treated, subjecting the mixture in the presence of air 

a bright-red heat (about 700 dc)E- CO. then cooling down tho 
mixture to a dull-red btot (about WO deg, C), itnd tirally forcing 
^r through the mass until the lead ore, reduced to an oxide, fuses, 
mibatantially as set forth> 

5. Tlie )iereiti-desi:nWl method of oxidising lead auIphtJe in 

the preparnlioii of tlie same for redui^lioii to metftl, which conaista 

10 objecting the sulphide to a high ten^perature in the presence of 

an oxide of an alkaline-earth metal, such aa calcium oxide, and oxy- 

,tn, and then lowering the temperature aubalaaUallj an a&I forth. 
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Adolf SavolvbcrfE, in V. S. patent 765,598 (weued Manii US,] 
1904, applied for V^. 18, lOO^l) tUimjt: 

1. Thtf hnr«in-iiiwTilif«l jinn^rwi iif dnoilphurmng l«ftd ore0»j 
wlucb coufliet^ in mixing r&w ore with limcDtoiie nad tbui «ij6- 
jectJDg; ih^t mixture to the aimultonooiufl application of heat ud 
& cumrnt of ftir in vufHoiont proportiODfl to subetantially eomplet* 
the desulphuri flat inn in cnc op^ntion, subt^tanlially a^ desorfljeA 

2. Thd here! n-itpwri bed prmuni of demtlphu rising k&d omv 
wliich procMe consists id first mixing the oros with Uu]r«iom 
iheii moiTtcniog the mixture, tbon filling it without prciiuifl 
roaatinj^iDtQachambcr, tl^cn beating; it aad treating tt by A cumat 
of *ir, aa and for t.h« purpose deecribed. 

3- The herein -described process of de«u!phuriEinf( lead OffB, 
which cunaiflth m muiJtifi ntw orvu with liriifuttuni-, th(<n fiWirg Ihe 
fidxlure bto a clifimber^ theti subjecting the mixture to the 
AimultEineoua appttcatiou of hoat and a ouircnt of ilit ed nfficicnt 
proptrrtions to flubet^ntiully coinplete the dceulphufizfttion in one 
operation, the mixture belni; Introduced Into the ehiunto ia^ 

tini cho-rgtvi hif nulucLHl HucrL'tMiuvely at intvtrvAlN during thel 

:esB. subatan tidily an decicnbed- 

I. The heroib-dcearibcd proccM of dcfiulphuriung lead oitei 
then moistening the mixture, then filling it without previ< 
roasting into a chumbcrf then heating it and treating it by 4J 
current of &ir, thf< mixture being intnxinRed into the chai 
in partial charges Jntrnduue<:i successively at interv^s during 
procesSp &9 and for the purpose d^cnbed. 

&. The herein-de^ribed process of dcsulphunsing lead orca,{ 
which proceed consists in first mixing the ores xvitb «uflSeii 
llmwiono ici keep the lempofftturv of the mixture betow ti 
melting-point of the ore, thf!in ftlling the mixture intu a (^httmber^l 
then boating said mixture and treating xi v/Hh a current (if air,! 
as and for the purpose dcecribcd. 

6. The herein-described proCttS of desulphurizing load oi 
which procf0? consists In flrst mbdng the ores with suflieleiil 
limestone to mechanically separate the partkles of galena aiiffi«1 
cicntly to prcveut fusion, and In kn-p (he t4.-tiijwnit.urf? brlnw th«| 
melting-point of the ore by the liberdtton of carbtm dioxide, then' 
filUog the mixture into a chamber, tbon heatmg aaid mixturvj 
and trotting ft with a current of air, ad and for the purpotfe di 
scribed. 
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Tht Canci«hAri-Br»dfonl procese differs from ihe Savel8l¥>rK 

by ihe ircfiimeai of ihe nkw ore mixed with gypsum instead of 

Umesrone. &nd dicen from the Uuniington-Heberlein tx>th in 

nq^eri to tbe use of gypeum and the omission of the preliminary 

loaetiiig. The C&rrTuchAel- Bradford process has not been threat- 

aed vith liti^iion. so far as I am aware. The claims of itd 

lai^nal patent read as follows ^: 

L Tbe process of treating mixed auJphide ores, which consists 
b mixing with said ores a suJphur compound of a metal of the 
ilkiline earths, starting ihe reaction by heanng the same, thereby 
(mdiiing the sulphide and reducing the sulphur com[H>und of 
the alkali metal, passing a current of air to oxitlize the rcduce<t 
sulphide compound of the metal of the alkalies preparatory lo 
Ktbg upon a new ch&ige of sulphide ores, subBtantijilly as and 
ha tbe purpose set fonh. 

2. The procesft of treating mixed sulphide ores, which consists 
iitmLuDg calcium sulphate with said ores, starting the rejiciion 
by zDCans of beat, thereby oxidizing the sulphide ores. librraiinK 
Bolphurous-acid gas and converting the calcium iiulphate into 
cdchim sulphide and oxidizing the calcium sulphide to Bulph:Ue 
IRvpantoiy to treating a fresh charge of sulphide ores, substan- 
tiiily OB and for the purpose set forth. 

The proceae deacribed by W. S. Bayston, of Mell)oumG (Au^ 
tnlian patent No. 2862), appears to be identicul with that of 
Sivdflberg, 

Imspective of tbe validity of the Savelsberp and Carmichael- 
Bndford patents, and without attempting- to minitiii/c tho 
agaraity of their inventors and the importiincf^ <"f their disrov- 
eiea, it must be conceded that the merit for the invontioii luui 
uWmduction of lime-roasting of galena belongs to Th*>nias Hunt- 
ington and Ferdinand Heberlein. The former ia lux Anicni'iin, 
And this is the only claim that the United Stulc^ mn nuike to a 
^luein this great improvement in the metallurgy <»f ]vad. It U 
to be regretted, moreover, that of ail the inij>orliirif leLi(i-suichin>( 
coootiies in tbe worid, America has bceti the most b^irkwurd in 
adf^ingit. 

The details of tbe three procesf^cs und the ^crioriU results 
Accomplished by them have been mther fully dcscribe^l in a 
Mm of articles recently published in the Emjinfrring ajid Mining 
^A-D-Ckimichad, U.S. patent No. TO.'i.OOL July :^», 1902. 
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J&itmal. There hwf been, however, cotnpAritth'ely ItUle diacw- 
8it>n OS to coet«; ond unfortunnti^iy the d&f,a available for anaJyiii 
ATQ 6Xlr«mdy licanty, du4r to the Merc>oy with whi«b tbe Rum- 
ington-Hebedein pro<?ent, the mo^f' ralrtiNivHy exploited of dir 
three, haj* bwn veiled- Ncv<?rth<rli^*s, T may atlcmpl mi Appmx- 
imatfi CBtimJitior; of the various details, t^-vklag iho Hiiiitxagt4)Q< 
Heberleizi procees as the badA- 

The ore, limeatone and »iticA are crushed to pass a foumitth 
screen. This is about the ntse l/> which it wmiUi b^ neceaaary u 
cnifih aa prt^lliiiiriary to roaating in tho ordinary way, wherefore 
the oiily dlfTcrenco in coat is the charge for cniahias the LiiiwiUjne 
and silica, s^hich in tho aggregato may amount to one-abttli of 
the weight of the raw sulphide and may consequently add 3U) 
2-5c^ to the coat of treating a ton of ore. The mixing af uro and 
duxes may be costly or cheap, according to the way of doing It. 
If done in a raljunal way It oui;ht not to coat more ihjin rOr. per 
ton of ore, and may come lo leas. The delivery of the ore fwm 
the mixiiig'houae to Che roaatio^ furnaces ought to be done 
entirely by mechanical meaofl, at insignilicant coat. 

The llebeHelii ma^iiiirig furnace, which 3a ua«d in connectloo 
with the H.-H. prucesH, is smply an improvement on the old 
Uninton calciner — a circular fomace, with revolving health. 
The conGtructicin of thia furnace, according to American dcsignn. 
IS excellent. The hearth '\A 26 ft. in diamotor; it 10 revolved at 
slow speed and requires about L5 h.p. A tlarge at the p<»ripher7 
of the hejirlh dips iritn sand in an anaLdar irough, thus ehutUng 
off air from the combustion chamber, except through the port^ 
designed for its admittance, Tho mechanical confitmction of 
the fumat'e ia workmanlike, and the mechanism under tbe hearth 
is easy of at'oew and oomfortahly attended to. 

A 2l5-fl.- furnace roiwls ahtiiit ftf^OOO lb. of charge per 24 houis, 
In denting with an ore containing 20 to 22 per cent, of Aulphurn 
tho latter in reduced to about 10 to 11 per coat., the coneumptton 
of coal being uhout 'J2,& per cent, of tho weight of the charige. 
Tlie hearth cfTirienry ig about 150 lb. per sq, ft., which in com- 
pari-Hon with nrdiriAry roHMttng \h high. The coal conflUnoption* 
however, i.-i not concapondiiit;Ij low. Two furnaces can be man* 
aged by one man per 8-hour shift. On the baoa of 80 tona of 
charge ore per 2A hour*, the ooet of roasting ahould bo appfoxj- 
mately tm fullnn-M: 
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tAbor-^anwitt S3-50 S TJVI 



Ooid— ISMuittS. 



Itsiniiv., 



3A00 
3.39 
33A 



^ 



Tout »0,2a-A3c. ptr UM- 

Ibe above «titlmate repatrs have been ret-koiitti ut the 
s&iiie I]gure ua is experienced vtUh Briii'kiii^r cvlitidcrB, aiid the 
coat of power haa been ollon^ fm- wtlh fair lil>cr&lit>. The 
eatimttled coat of 6^. per ton ie oomptiruble Atth the SLIU to 
f 1.45 per ton, which la Ihe rosult of roasting in Briii-kuor pyUnd(jrH 
;n CctDnido. redutring the ore in 4.5-6 per cent, sul^ihur. 

The llcberlrin fumiuv Is built up to considerable elevation 
above the ktoudcI IcvcIh externnlty aom«what resembling Ibe 
P<«je« turret farmicc. Thta ncn-ea two purpoace: (I) it ittTords 
ftinplo room Ainder the hearth for ftttention to tho drivlof; mMbfb- 
niam; And (2) it ^rnnblea the ore to I'^e di^ohArgod by grftvUy into 
AuitjtJiih' hnppi'm, without the cnnf^trurtion of >ijl»I^rraTir^n ^Ang- 
ways. The ore diochurges contiouously from the fuiD&ce, at 
dull-rod hcnt, into a brick bin, whcrcjn it \m cooled by a wator- 
xpruy. Pnhodipftlly a Utile ore la divortod irlo a side bin, in 
which it is kept hot for starting a subsequent ch&rge in the eoii* 
vert^r 

The cooled ore ia conveyed from the recelvii^g bins at lUo 
rotating fumacos to bopper-bina above the converters. If the 
traminiag bo done by hand the coat, with kbor at 25c, per hour. 
niAy be approxtmately V2.bc. per ton of ore» but this should be 
capRble of considerable reduf^tlon by mechanioal oouveyance. 

The converters an? hemiHpiieriral pots of irasl- inm, 9 ft. ia 
diamoter at the top, and about 4 ft. in depth. They are provided 
with b flircujar, utiat-iron j-rate, whirh is } in, thick and rt ft. in 
diameter and ia aei and Kecurod honaontally in the pot. Thia 
grat« is perforated with hole* J in. in dinmcter, 2 in. apart, center 
to center, and is Klmilar to the Wrthcrill gr&te employed m sine 
oxide iranijffLcture. The pot itanlf is fibout 2} in. thick at the 
bottom, thinning to about I) in, at ihe rim< It is supported on 
trunnions and is geared for convenient turning by Imnd. The 
blast pipe which entvre ilie pot &( the bottom is 6 in. in diaTneter. 

Two roasting furnacrs ai^d sii; converters are ral.e*! rniniinttUy 

a dO-ton pUot. Thin rating is, however, rrinr*idRrably in excess 
of the actual capacity, at least on certain orc9- The time required 
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a condition which may be ascribed to the irregular penetration 
of air through the charge, affording good evidence of the impor- 
tant part which air playa in the proceea. A properly worked 
cbfttge ifl tipped out of the pot aa a solid cake, which in falling to 
the ground breaks into a few large pieces. As they break, it 
appeam that the interior of the charge is bright red all through, 
and there is a little molten slag which runs out of cavities, pre- 
sumably spots where the chemical action has been moet intense. 
When cold, the thoroughly desulphuriied material has the ap- 
pearance of slag^roasted galena. Prills of metallic lead are visible 
in it, indicating reaction between lead sulphide and lead sulphate. 

The colunms of the structure supporting the pots should be 
aS steel, since fragments of the red^ot ore dumped on the ground 
are likely to fall against them. To hasten the cooling of the 
ore, water is sometimes played on it from a hose. This b bad, 
ance qome is likely to splash into the still inverted pot, leading 
to cracks. The cracked pots at certain works appear to be due 
chiefly to this cause, in the absence of which the pots ought to 
last a long time, inasmuch as the conditions to which they are 
subjected during the blowing process are not at all sev^e. When 
the ore is sufficiently cold it is further broken up, first by driving 
in wedges, and finally by sledging down to pieces of orange »Ee, 
or what is suitable for the blast furnace. These are forked out, 
leaving the fine ore, which comes largely from the top of the 
charge and is therefore only partially desulphurized. The fines 
are, therefore, re-treated with a subsequent charge. The quantity 
is not excessive; it may amount to 7 or 8 per cent, of the charge. 

The breaking up of the demilphurited ore is one of the prob- 
lems of the process, the necessity being the reduction of several 
large pieces of fused, or semi-fused, material weighing two or 
three tons each. When done by hand only^ ss is usually (per- 
haps always) the practice, the operation is rather expensive. 
It would appear, however, to be not a difficult matter to devise 
some mechanical aids for this process — perhaps to make it 
entirely mechanical. When done by hand, a 6-pot plant re- 
quires 6 men per shift sledging and forking. With S-hour 
shifts, this is 18 men for the breaking of about 60 tons of material, 
which is about 3^ tons per man per 8 hours. With labor at 
25c. per hour, the cost of breaking the fused material comes to 
60c. per ton. It may be remarked, for comparison, that in 
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hnMiking nm nn it »rdinftrit)r corocs, co&rac and line to^tte, i 
good workcnon would i>orta^ly be cxpooM to hrtmk 6 to (^ 
toot in a shift of ^ hours. 

The ordixiAry chmrge for the ititmUrd converter is tbovi 
8 tOQB {15,000 lb.) ut Bti nn* wiu^ltitig IM lb. per rru. ft. WHb 
w, heavier iro, like; ii Itigh-grttdi? galena^ th<? ch&ix<? would wci|cli 
propartioQatdy more. The time d woricinc off a cbarcc b 
decidedly variAblo. Acoouiile of the opention of tJio proccai in 
AustnlLft tfii of chiLTKO-worlciiigs in 3 to 5 bound, but tbU 
i|o«B not formip»»ti wiili tli<> reHuttu repurunl eUewhmr, whirls 
iqMKify tinicx of 12 to 18 hoim. Aiwumini; nn AVirnhK^ ^^ 16 
kouni. which wuei the record of one pJ&nt. ^x ciotivcrtcra would 
haw Ci4>A«ity for ttL>out 72 tooB of ohurRc per 24 hnurv, or about 
59 tond of or?, tlie rutio of ore to flux Itetn^ 4: I, The torn in 
wtRltht of the <hjir|;f< curredpiJiidA HulMiiiiittiiJIy to tbr n^pJiieemcrtt 
of aulphur hy rix}'ict*ii, and the expulHJim of CArbon dioiidi?. The 
finttheU chftrK<7 ctmluiiL^ on the avcrft^e from 3 to 5 per oent, 
fiilphw. Thitt \a atHiut the same ua tbe rotnJt achieved in ffood 
plMtice in roavl^ng l4*u<Ubearin^ orea in hund^worlcej reverbcm- 
tory fumaooi, but mriouHly ihe H.-H. ]in>iliict, in »oine (^asuv Mt 
Heait, does not yield any nmite, to ttitfok <if, in thp bla^t furnace; 
ih^ prrftliiel df^ivrrrJ In the latter bnina: evidently in such condi- 
tion thai the rcmmninK sulphur la almost completely bumod ofl 
\n the bijtft fumiice. This ii an im|>ortanl mving eSocted by 
ttbo procctt^ In cAkiihiling ihe vidun of an ore, Mulphur ut 
reominonly debited nt the rati- of 2Sc, prr unit,, whiirh rrprracota 
appn>3ikniately the ctieit of handling and reworking the matte 
neu)lji;|i; frum it. The practically complete elimination of matto- 
fill rendered poesible by the H.-H. pToec«a mny at>l be, however, 
AH unmixod blessing There njay be, for <>xhmple, a smnll ffir- 
niation of lead sulphide wliieti cauawi tniubic in tbe crucililr and 
Irad-well i^nd nniiils in furnace difficulticet and the preaentatioo 
of a voxalbutt hctwecn-prtxiu^-t, 

It »*y "'^* ^ fttiempied to Bummarljse the cost of the eon- 
YVting p*o«w- Awuminn the ca*e ftf nn ore asMnying lead. 50 per 
^^.-troiulS' gulphuf.--; silica, 8, and :Llurn[nft. Hir,, 5, Irt it be 
' that ll ^ ^'^ ^ Huxed with pure brn«eton« and pure 
with ibe w«i l** mako it slap containiru- sili&a, 30; ferfoos 
**l- ind l>«** 20 per ^^^^^ A ton of ore will make, In 
' lOOO 1b< of d«f I >L'^<^ ^'^1 reiiuire %44 lb, of lime- 
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•tone uiU 130 lb. at qumrtx, or we inuy tAv mufflily one Um i>f 
flux ttmtii tffi mldi^l u> four Uma <ti ore, whexvfure Ui« ore will 
toQstitulc tiO pi-r cent, of Llic chan^. lu redjctng the chug^ 
to 3 per cent. «ul|>htir it will loee uJtimftt^lj througb cxpuleion 
of sulphur MidauTbondkixlde (of the lime^ioDe) about 20 percent, 
in mvig^it, wherefore Uie quiir]lil,y (if iiiilI^^HhI io Lm- Pin^'UttJ iti 
lh<! blofft funiacc will be prActicnJIy efjuivalent t<i the nvt -lulpliide 
ore in ihfi churge for ibe rtnating fuiDAcev; but in the nt&ettng 
furnftce the frliait-c xa likely to fiEttin wetght, becftueo of the formA^ 
tion of ftuiphut««. Tukhig the charger which 1 have aanuned 
above, aiitl reckuning that u it eotiieH fr»m the r»LUtinf^ ftinmce 
it vrill eofitiUEi 10 pt?r cenl. sulpliiir. all in the form i>f ttulpha-Le, 
either of IcAil or <>f lime, &nd thflt the iron be entirely converted 
to fcrrio oxide, in epite of the expulaicn of the carbon <lioxi<le of 
the liinedtone and the eombuatiou of a portion af the tulphar of 
the ore nA mlphur dituHte, the charge will gain in we^ht in the 
ratiii [if 1 , 1-19. TUfn, however, m Uto liigfi, mitsmufrh ha a ftortion 
of the sulphur will remain as sulphide while a portion of the iron 
may t>c ua ferroud oxide. The actual gain in weight ^'ill conito- 
quently be probably not more than one-tenth. The following 
eorcCical ciilpulalion will tjluatrate the ehaiLge?t: 



IU)» Cbuqi 



Ore 



FIU£ 



lOOOlb Plv. 

3D0 lb. Fh 

100 Ui. SiO>,. ... 
too Lb. Al^i>«1«, 
«0 Ib-S 



I 130 11k 8iO, 

1 ail lb. c»co,.,- 



2474 lb. 



Sua It«jWT*f> Cv'Umft 



Ch« 
Flux 



ll&l lb PbO 

42S hi. FeA 

IflO lb. aio, 

1«) lb. Al^,ftc. 

acHJihS 

130 111, SfO.- 

103 Jb.CkU 

J50 lb.O 

291&ib. 



nniBVs Cuitf 



Ore 



Flm 



1154 Ibn PbO.,.. 

ft2K|b. r*^.(7> 
l60lli,SiO, 

IOOlb.Al/l».etc. 
08]b.8 

I30lli.ei0, 

103Lb.C»a..., 



2233 lb. 
3%8- 



RatiOfi: 

2474:Mie-| ;|.18. 
2flLS:-i'J33;:l:0.7ftj 
2474:1?SG3::] ; 0,90- 



It may be a^HUnied that for every Um of ehar^A (containing 
about 80 per cent- of ore) there will be LI ton of material to go 
to tho conv^^rler, itnd that the product of thfr latter will be 0.1* 
cf the weight of the original charge of mw material. 
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EBch converter requiree 400 cu. ft. of air per miaute. The 
blAst preaaure is variable, aa different pots are always at different 
atagcfl of the process, but aaauxning the maximum of 16 oi. pres- 
sure, with a blast main of sufficient diameter (at least ' 15 in-) 
and the blower reasonably near the battery of pots, the total 
requirement is 21 h,p. The cost of converting will be approxi- 
mately as follows: 

Labor, 3 torvwa nt S3.20 1 9.00 

" 9maiiatS2.50 22.S0 

Pomr, 21 h.p. at 30o 0.30 

Supplies, T«p»ira and ranewaU 6-00 

Total 143.40-600, per ton of dkUfB. 

The cost of converting is, of course, reduced directly as the 
time is reduced- The above estimate is based on unfavorable 
conditions aa to time required for working a charge. 

The total cost of treatment, from the imtial stage to the 
delivery of the desulphuiiEed ore to the blast fumacee, will be, 
per 2000 lb. of charge, approximately as follows: 

Cruflhlng 1.0 ton at lOo SO.10 

Hixing 1.0 ton fit 10c 10 

RoMting 1.0 ton at 63c ,63 

Delivering 11 ton Co converters &t 12c. -.^..-...^.^,,^ .13 

Converting 1,1 ton at 60c, &G 

Breaking 0.9 ton at 60c M 

TotaJ S2,I6 

The coat per ton of ore will be 2.16 -r 0,80 = $2.70. Making 
allowance for the crushing of the ore» which is not ordinarily 
included in the cost of roasting, and possibly some overestimates, 
it appears that the cost of desulphurizatioo by this method, 
under the conditions assumed in this paper, ia rather higher than 
in good practice with ordinary hand-worked furnaces, but it is 
evident that the cost can be reduced to approximately the same 
figure by introduction of improvementSj as for example in break- 
ing the desulphurized ore. and by shortening the time of con- 
verting, which ia possible in the case of favorable ores. The chief 
advantage must be, however, in the further stage of the smelUng> 
As to this, there is the evidence that the Broken Hill PropiieUiy 
Company was able to smelt the same quantity of ore in aevBB 
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rumares, ^Uer the mtTXidiictian of the HantinKtiin-fld>i^rlrjn 
prccen, tli&t formerly required thirteen. A QimLIar c:cpcnGacG 
ift reported At Fricdrichshiittc, ^ilouti. 

Tlkifl iocreafid in the capacity of tho blfiKt furnace Im due to 
three thio^: (1) In ddivcHag to the fumiuM.' n chjir^^i r'ontnJning 
a reduced poreiitA^e nf lint* nrr, the sprci of the furnace is 
iocroaaed, Lc, more tons of ore can be oTncltcd per tfquims foot 
of hearth area. (2) There ia Icc^ rotuiled matte to ro into the 
cfaarge. (3) Under Mome c^onditionat the percentage of letul in 
the charge cun be inoreiuied, irdut-ing the quantity of giingue 
that mmt be fliucd. 

It 1a didicult to gcnejalicc the ecoQomy that iM effected in 
the bla^t-ftinmcc proccesi since Ms tnuat neccAearily vary within 
vide limitfi because of the difference in coDditione. Ad increase 
of 60 to lUO per cent, in blast-fumace capftHty doee not imply a 
Gonceponding leductton In the rost of nnielting. The fuel con- 
aiuuptioD per ton of ore remains the «ame. There is a E^aving hi 
the power rcquJrcniontii, bc<-au3e the emcltini! can be done with 
a lover Llosb preeeure, also, a eavinj^ in the coet <:>f reworking 
matte. There will, moreovern be a saving in other labor, in bo 
fu- aa portions thereof are not already performed at the ininimtim 
riJHt ^>er ion. The net rtftuU uii^^ir Aniericau COliditloiia of 
Bilver-letu] fuicltln^ can only be dttt^rniiued doody by exten^vo 
cperatiooa. That there %viU be an important saving however, 
there U no dcjubt. 

The coHl of Airelting a ton of charge at Denver and Pueblo^ 
cxeliisive of romtting titid geiientl expeuan, id about t2J]0t of 
which about S0-S4 la fcr coke und f 1.6A for labor* power and 
dupplice, GencTuI e^punec uiuounta to about S0-I6 udditjimaL 
If Lt ahould pr^ve posAlbte to aoieU in a given plant SO per cent. 
iDore ore than at preaeiil without Ijicreaae In the loial ^xpepae, 
f-xcHTpt ftir ciJke, tht" wiving i^r tiui of clmrge wuuhl be 70c. That 
ia ncrt to be expectedi but the half of tt would be a tuitiafactory 
improvement. With respect to sulphur m the charge, the coat 
ia commonly reckoned at 25c. per unit. A» compnrcd with a 
ebsirge conttiining 2 per cent, of sulpliur there would bo a saving 
rintng toward &Oo, per Ion as tfie [iiaxiinuin, ll, in rem^mable to 
rccko&> therefore* a possible saving of 7&o. per ton of charge ia 
eilver-lefid ^nieltine:. mi saving in the cost of roaating* and an 
^tGcrease of about i per cent, in the extractioo of lead, and per- 
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bdvantuge, if uny, m not eo ccii&in. I'hal mcULod 
\y nv«8 9S per eenU of tie \eaui. un<l oo the whole U prob- 
lu fh<^iip til r>peraticin ilh t\w Hiwiin^Utn-HehcrWUi could bfi 
ter lh«? ajuue conditMrna, TUv Huntiugtiiii-lIetwTtrjri rnHhod 
ropljkccd Uj« old rout-Tcnetioii method a.t Tamowiti, (^ilcniA. 
the Americun Sc<)tch- hearth method ae pmet^Md near i^t- 
lUifl U likely to survive. 
A more Hfirious coinpetit*»r wil! be, however, the Snv**IiiberK 
whicL Apprnra tt> i{t> nil Ihnil' tlic HunTingtoii-HcTh-rlem 
doetf, withc»ut the preliminiiry maflting. Indeed, it the 
itt« be omitlcd (together with ite c^timatetJ expcnjse of 6^ic, 
^)»er tOD of churgen or 71te- per ton of ore), uU that hiu» been ituid 
in Uiis paper aa to the lliintington-neberlein prot^tttii may b«> 
oonatnifrl as /ipplying to the SavtUberjc, The rlmrgr w prrpurod 
in the utne way, the method of operating the converten ia the 
Mkntet and the rcsulU of the rcnetioof^ in the converters ore the 
Mine. The Ii1i;zati^n which i« p^ndin;: between the two intoreaiH. 
Uettuna. Hantinglon ard H^borlein rlnimbig ihnt S^ivf-ledwrg iri- 
fringra Dur^r pa{^nis, will be, howcvex» s deterrent to the extension 
of the R^ivcUWg prorc*:* until that matter be neitled. 

The CarmichiLel- Bradford proecw mny be duroitisod with a 
few wi>rds. It te eimilflr to the SftvcUbcrg, except that gypvum 
is used Instead of Limcflotie. It i« somowhiU more e^peiisSve 
becr^u^ the gj^psiim hiuf to \)e ground and calctn^l, Thv. proci-js 
works efficiently at Broken Hill, but it can hardly be of Kcnercd 
Hftpplic&t ion, bccaUBo ^psum le likely to bo too e:ipen«ivc, except 
^h a few favored localitioe. The ability to tititijso the eonverter 
gaaee for the manufaeture of sulphuric a^i<l wiH cut no great 

•figure, nave in exceptional caaee, a0 at Bn>ken Mill, and anyuiay 
Uie gases of the other proccwfiee cai) be utitizcd for the tmme 
purpoi^, which is in fact being done m connection wiih the 
luntington-Hobcrlein proccea in ^iMia. 
The cost of destilphtiriung a ton of galena concentrate by the 
lie haebBriul ford prucew \» e8Mn:Lated by ihrr rnnipnny cim- 
the pateutfl aa f(JIoH«, labor being reckoned at thH) i^er 
diEht boon, gypffum at 12.40 per 2240 lb., and coal at %^M) per 
234Qlb.: 

t^-^S Uyri kJ gypmim 10^ 

Wli/ilmiitiK luic] gruiuliLiing ^yjmtm ■<-> '45 

]>ryiTi|| mikTure ot or* uid gypfujn, . - >•.< -IS 
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OtVMrUfif 902i 
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Tho \-]Lluff oT t1i« lime m the Aintcfvd product Is uTtAitvd ftt 
ISft., Diiliuig Um oel cost St &2 per 2240 lb. of ore 

n« co«t allowed for ^onvcrtiiw may be cxpUuncd by the 
tirart rftphl netion Umt >pp«An: to b9 ftttaiiMxi with tfao orw uf 
BfdkMlllillthAD vith jcnmr- orm tbnt iirr iTriUrdin North AinmfL 
bm Uw low igum r^liniAtrd fiir #paLUnt£ thr *ifilcri:d n»(etul 
«f)f«UB to bo highlr doubtful. 

Hie ihooty of tho limo-rooMiiix proeoiM* ui not y«t vdl 
wUbtiihid H U roeof^izod that tho oxpUiuition offofod by 
BwhtlDgton vid Hr>berlf^n in thrdr oriicinjil pittnnt spffcific&tkin 
fo ornanAoufl. Then is no good evklpiici^ in thoir pmocm, t>r «tij 
oiber, of tho formatioit of tho higher oxide cf iime^ vrhieh they 

SilOEQlt, 

At lh« prwciil tUno there are tw-o views. In one, formulAtod 
mott etflioitly by Professor Borcliers, ItK-re iji furmrnl in lhi» 
IJ i ut ww a ptumljAto of cbHum, which Lt nn watWe oxiditin^ a^ent^ 
A fionnation of thta aubdtancc -snM t^ctc described by CftfmichMl 
in hii oh|?i]i»l patMit, but he eonaidored it to be tho fioik] producti 
not the nctivo o\Mieiiig agent. 

In lUe olhnr vie*, the hint*, or limcMlonfl, Merve< moredy u ft 
dUnont of thr chttrf^e, enatrliug the ur to cblain acctn to ihft 
puticlftf of ^loitn. vvjiliout liquefaction of the latter. The on* 
diitlon o( Ih*^ ^<^ r^iilphide w ihureforo oElc^ctcd chiefly by the 
air ond tbe proccAs b ^iiAlogDus to what takot phbce In tho besso- 
locr oonvorter or in tlie Germnt proettfl^ of ^molting, or pethftpf 
moie eloiely lo vrhat might happen in nn tirdioftry roasting 
fumaee, pn>vidod with & porous hearth, throvigb which the tax 
flupply would be introduoed. Itouattnj; funmeet of that dmg^ 
haw been proposed, iind Ui fact »ueh a eonstniction is now 
being t^ted for blende niswtinj^ \n KaviftM 

Up to iht preeent lin^P. the cvidpicp w surely loo incomplete 
1^ toAble a definite conclusion to be reached. Some tncUi uut/r 
r^besaUffL 
7^«e k dmiy ttActioD to a oertaio extent between lead 
and Wad aoLphatd, as It^ the roverberatory erndtkng 
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fujiiAce, because pnlls of metftUic leftd ue to be obeerved in the 
lime-roaated ch&rge. 

There ia a formation of eulphuric acid in the lime-roasting, 
upon the oxidising effect of which Savelabeig lays conrndnable 
Btreas, amce ite action ia to be obeerved on the iron woric in 
which it condenses. 

Calcium sulphate, which is pneent in all of the proceases, 
bong Bpecifically added in the Carmichad^firadford, evidently 
playe an important chemical part, because not only is the sulphur 
trioxide expdled from the artificial gypsum, but also it is to a 
certain extent expelled from the natural gypsum, which is added 
in the Carmichael-Bradford process; in other words, more sulphur 
is given off by the chaige than is contuned by the metallic sul- 
phides alone. 

Further evidence that lime does indeed play a chemical part 
in the reaction is presented by the phenomena of lime-roasting 
in clay dishes in the assay muffle, wherein the air is certainly 
not blown through the charge, which is simply exposed to super- 
ficial oxidation as in ordinary roastiog- 

The deeulphuiised charge dropped from the pot is certainly 
at much below the temperature of fusion, even m the interior^ 
but we have no evidence of the precise temperature condition 
during the process itseU- 

Pyrite and even zinc blende in the ore are completely oxidized. 
This, at least, indicates intense atmospheric action. 

The papers by Borchers,' Doeltz,* Guillemain,' and Hutch- 
ings * may profitably be studied in connection with the reactions 
involved in lime-roasting. The conclusion will be, however, that 
their precise nature has not yet been determined. In view of 
the great interest that has been awakened by this new departure 
in the metallurgy of lead, it is to be expected that much experi- 
mental work will be devoted to it, which will throw tight upon 
its principles, and possibly develop it from a mere process of 
desulphurization into one which will yield a final product in a 
single operation. 

^MeUMtlT^.l905,n,\,l-Q;ErtgineeTv^f and Mining Joy^^ 

' MetaUurgie. 1005, II, 19, EngineertTig tmd Mining Journal, Jati. 27, VM^ 
'Metalling, 1005; Sept. 22, 1005; EnffinMring and Mining Journal, 
Hftrch ID, 1006. 

* Engineering and Mining JovnuU, Oct. 21, 1005. 
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THS BORHETTES METHOD OF LEAD AUD COPPER 

SHELTDTG' 

Bt AiiFREDo Lorn 

It 18 well known that, in order to obtun a proper fusion in 
leftd and copper or&-fime1tJngr it is not only advantageous, but 
often indiBpenflablef that a suitable proportion of slag be added 
to the charge. In the treatment of copper matte in the con- 
verter, the total quantity of Blag must be reemeltedi inasmuch 
as it always retains a notable quantity of the metal; while in 
the smelting of lead ore in the blast furnace, the addition of slag 
is mainly intended to facilitate the operation, avoiding the use 
of strong air pressure and thus diminishing the loss of lead. 
The proportion of slag required sometimes amounts to 30 to 35 
per cent, of the weight of the ore. 

Inasmuch as the slag is usually added in lump form, cold, its 
original heat (about 400 calories per kilogram) is completely lost 
and an intimate mixture with the charge cannot be obtained. 
For this reason, I have studied the agglomeration of lead and 
copper ores with fused slag, employing a variable proportion 
aceordmg to the nature of the ore treated. In the majority of 
cases, and with some slight modifications in each particular caBe, 
by incorporating the dry or slightly moistened mineral with the 
predetermined quantity of liquid slag, and by rapidly stining 
the mixture so as to secure a proper subdivision of the slag and 
the mineral, there is produced a spongy material, largely com* 
posed of small piecesi together with a simultaneous evolution of 
dense fumes of sulphur, sulphur dioxide, and sulphur trioxide. 
By submitting this spongy material to an air blast, the sulphur 
(^ the mineral is burned, the temperature rising in the interior 
of the mass to a clear red heat- Copious fumes of sulphur dioxide 
uid trioxide are given off, and at times a yellowish vapor of 
sulphur, which condenses in drops, especially if the ore is pyritous. 
' Traiul&ted by W. R, Ingalls. 
31A 
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hSAV SMELTINQ AND REtlNI.YG 



At th« «nit of froiTi onr* to tlirM hour*. Biri^ording to the qttftii' 
tity of sulphur c<>TittilncHl in the ninteriAl uni[<*-r imtmenl tad 
the Amounl of the air prwaure, the dtrtulphuriiatioo of ihe wit, 
«Q fur fta it liua odiiiu in oontuct with tho uir, in completed. And 
th9 iniui, tiov.- tliurcuic^iy &KXlom«nLt«d, fomut & gpongj but 
oompmrt block. It is th^ii only nece«Nnry tc> brvaJc it up mil 
■melt It wiUi thc! rrtiiiinitv {junnLity of flux nnd eoke The 
ph>'sicAl condition of tKc mntciieLl la conducive to a rapid Aoi 
economical ttmcltinR, whilo tho mixturo of the sulphide, sulphate 
And oxido letvdj to n fuvorable rructinn in ^1ic fum&ce. 

In i^mpltiying this method, it »om?tiniC9( happens th*t (W 
rich m milphiir pruiluce during tho nmdting & littla more mAtte 
than when the ordinary syrtlcm of mnating is employed, Itt tnMh 
inatanocd, in order to avoid or to diniini«h the cost of re-treatment 
of Ihe matte, ii its l^eal to o^tomoiute a portion thereof with the 
erudr niinoral ani] the sl.tg. This hiu the Advantage of oxidiiiog 
ihn maltrr whiHi iivia as a femiginniia 6iix in ihfr Mrrrelling. 

The i^yntem described above leads to coiuldcrraUe et-unuuiy, 
evpocidly in roasting, aa the heat of the econa, toj^lticr vitb 
thiit Kivcn nff in the combiiation of the sulphur, \e almoet alwayfl 
ftutlii^ient for the aggbmeraUon And deaulphunzation of the 
niirjerH-t; whUe, norwjver, it reJucee the ro*t of aTDc-lting in the 
blast furnace. Although the primary debulphuntatioit U anl> 
partial (about &Opcrcont.),it coulmueemthe bUat furnace, since 
the mineral, ag^Ionicraled with the ela^, oaeumee a aponsy form 
and thereby pre«enia an increased surface to the action of the 
air. The «ulphur also acts as a fuel and doee not produeo ta 
excoaaive quantity vf iiiiitLe. 

The system will prove eapecially useful in the trcntmcnt of 
ar^oQtiferoua lead ore, since, by avoiding the calcination in « 
roverberatory furnaoe, loss of silver i» diminu^hetl, tt appouv. 
however, thai, contrary to the reaetions whieb oceur in U» 
Huntingtnn-Heberlein prfteraa, a cal^*reouB or bnxiv gan^ir i* 
not favorable to tto procesft, if the prtiporticQ Iw t.ot> grent- 

The following companion haa been made in the case of an 
ore coiitauiin^; 62 to 65 per cent, of lead, 16 to 17 per cent, sul- 
phur, 10 to 11 per oent- xinc^ 0,4 per i.'ent. eopper, and 0-222 |>«r 
eenU ntlvi^r, in whh^h ronnecLion it, is to Iw remarked thai. In 
general, the lees ^int- there is in the ons the licttcT are the r^ 
suite- 
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Ordinary Method, — Roaat-reduction. Coat per lOOO kj?. of 
crude ore: 

1. Routiog La revGrberfttoz7 furnace: 

Labor 10.70 

Foel 1-fiO 

R«pair0 and supplies .05 

12.25 

2. Smelting m water-jacket; 

Labor 11.01 

Fuel 2.20 

Repaiiv aod suppliei jOS 

Fluxes GO 

3.74 

Total 16.99 

BormetUs Method. — Agglomeration with slag, pneumatic de- 
sulphurization and smelting in water-jacket: 

1. AgglomeratioD and deaulphuriEatioDt 

Labor 90.42 

Repair* and Buppliee O.Ofl 

10-47 

2. Smelting in water-jacket: 

Labor.... 10.90 

Fuel 1.91 

Repaiie and suppliea.. - .03 

Flures 42 

3.26 

Total S3.73 

This shows a difference in favor of the new method of $2.26 
per ton of ore, without taking into account the savings realized 
by a much more speedy handling of the operation, which would 
further reduce the cost to approximately S2.50 per ton. 

In the above figures, no account has been taken of general 
expenses, which per ton of ore are reduced because of the greater 
rapidity of the process, enabling a larger quantity of ore to be 
smelted in a given time. Making allowance for this, the saving 
will amount to an average of $2.40 per 1000 kg., a figure which 
will naturally vary according to the prices for fuel, labor, and 
the quantity of matte which it may be necessary to re-treat. 
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flo. 22. — Detailtof TruvterCuB. 



IfiAD StfrariKG AKD ttHFlNING 

If thti i|u&nt.ily of niatte does not exceed 10 per ceni^ of Ihe 
wi^lit of the ore, it ctxn be dctaulpburiAoJ by viniixl.un; i*illi ihe 
orCt withotil Utfc of oiiicr fuel- If, hcwcveir tti« praporUon of 
matte tisoa to ^ ptLrt« per IfX) partct cf ore <a mtLxifnum vkifb 
ought Dot to be reached in good working), jt U pa e t i Ky to 
rojuct A portion of it. Under anfavonibio coDditiooSr comequtctlj* 
tbo naving efftMrtAd by tbia procow may bo reduced to $2 @ $230 




FlO. 23-^LHMBt Fvrm uf CoavorUi- CSoctioa ea ABj 



per 1000 k«., Aod eveti to u little as tl.40 $ 11^60. The above 
reckonings oro, however, without tnkine atiy Acccunt of the 
higher extraction of ItMLd and silver, which is one of the great 
Mlvuntagps of the Bormettcfl process. 

The tccliiitciil results ohl.ained iti the nmeltTng of an on> of 
the above Picotioned compo^tioa aio lu follows: 
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13 

l2u>Han. 

2S 

10 

0,20 to 0*0% 

t0io]6 




Pn. 24. — Ut«at Funu uf ConverUr. (Section as C 0.) 



The higher extruclioTiB t>i load ind *ilvcr are capUiAcd by Ihv 
fact tbttt the loss ijf iiiH-tiIh in roaatinK is reducw!, whkto. moT*- 
over, the elikg* from the bloM fumuoo ak? poorer than bi Ih* 
onlinuT}^ pr^icesB of emcltine. Tbo eoonotry In poke r™ulu frrjin 
tbe greattir qua&tity of sulphur whicrh U tiiili;^^! a* fii-^l, ftitd 
from the inerewed fusibility of the eharjtc fur the biaM ftifttaea 
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iox, bj tlw emp1o}-in«ttl in 

of f«ai idi^- llir nductjta in 

«f ftti b da* aot cttlj to tbc toocMd 

b«t pfmipAQf to the liMt 

At knnliea of aficatoe oT Uftd (vbieh in 

is «ls)o«t nfl- Ii 
b«^ fhit«» in ofdvr to ralun 
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Tht kmtm of mouJ m tte <kntIpliam»iioa tre low tlian it 

tW DnJinuj mptliai), bnr'BUVt Ihr rnuir miwra) irniAUM only ft 

tine (fnxB ooe to tlirve Iuhit*^ in the apfAMua for diwil* 

abd acxIwncntKiD, acid th« tofnporattire of tht 

il low. Ttw blanfuniACc olAffn ar: poorer, b<y^uvt 

b aft fomaikoQ of aflkatc of Ipfld during the u^lomtrattoB. 

TW BanocllCB mribod. in mi r»r as the irratmmt tif 1(>wl ora 

Il fiOMaiaed, n^ be oonskl^reiJ a cunilnntiiiofft pmcivn i>f maAl- 

«f roMl fftdactioDt utd of praoipiiation-dmeltini:. U ia 
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EH>t, however, reetncted to the treatment of lead ore. It may 
also be applied to the Bmelting of pyritouB copper-bearing ores. 
In an expoiment with cupriferous pyrite^i containing 20 to 25 
per cent, sulphur, it succeeded in agglomerating and smelting 
them without use of any fuel for calcination, effecting a perfect 
smelting, analogous to pyrite smelting, with the production of a 
matte of sufficient d^ree of concentration. 

The firat cost of plant installation is very much reduced by 
the Bormettea method, inasmuch as the ordinary roasting fui^ 
naces are almost entirely dispensed with^ apparatus being sub- 
stituted for them which cost only one-third or one-fourth as 
much as ordinary furnaces. The process presents the advantage, 
moreover, of being put into immediate operation, without any 
expenditure of exceaa fuel. 

The apparatus required in the process is illustrated in Figs. 
21-25. The apparatus for desulphuritation and agglomeration 
consists of a cast-iron box, composed of four vertical walls, of 
which two incline slightly toward the front. Theee inclined 
walls carry the air-boxes. The other two walls are formed, the 
one in front by the doors which give access to the interior, and 
the other in the rear by a straight plate. The whole arrangement 
is surmounted by a hood. The four pieces when assembled form 
a box without bottom. Several of these boxes are combined aa 
a battery. The pots in which the a^lomeration aod desulphuri- 
lation are effected are moved into theee boxes on siutable cars, 
in the manner shown in the £rst engraving. A later and more 
improved form is shown, however, in Figs. 23-25. 

This proceeSf which is the invention of A. Lotti and has been 
patented in all the principal countries, is in successful use at the 
works of the Soci^ Anonyme des Mines de Bormettes, at Bor- 
mettea, La Londe (Var), France. Negotiations are now in 
progresB with respect to its introduction elsewhere in Europe. 



THE GERMOT PROCESS' 
Bt Waltck Rrnton Ikoj^ua 

(Mtrnntm 1, E«RI> 

Accordicg to F. Laur, in the £du> dt4 Mint* (theoe noUs ht<i 
abetnct«drK>mO««C. Zfi(.,L.,x],&5,Octo1>er4, 1902), A.Gennot, 
of Oichy, France, madr ^ipcriments 9nme yeftr^ Ago upon tfct 
production of wKiU^ I<^ ilirrri.ly from gjtlenn, Thme ted Cntdin 
to altMiipt tho recovery of metallic loftd m a similar vay< U 
w be blown in proper quantity lato a fused mace of lead sulphide 
t^ foUowing reactioD takos plACO' 

2PbS + 20 = SO, + Pb + PbS, 

Tbuei onn-lulf of ihe lead la reduced, aud it b found collecU 
all the atlvrr of the ore; the other half id sublimed a» load sul- 
phide, which i» free fmm ativer. The roactioa \» exothermic to 
thn extent that the burning of one-half the sulphur of a chai^^ 
should Ihooreticiliy develop suffictoot h»t to voluliliio half of 
itxc thjii^e unJ .iniell. the olht-s Tt^lf. Thui iei nitnimt dom* iii 
pnctico nith very rirh galcnn., but not ^ with poorer ore- The 
temporatiire of the ftimnrc ma*tt be maintained at about 1100 
deg. C. throuj;Kout the whole operation, and there aro tho umud 
]osst& of heut by rudiution* aluorptioo by the nitrogen of the air, 
etc, Deli{^ii*ti(;ki« in heut ure Mtpp]ii<il by lniniinff mjmr. nt thn 
ore to white lead, which a mixed with the black fume (Pbff) and 
by the well-known reficliotis reduced to mctnl with cvolutioa of 
ftulphur dioxide> The ftnal result is thorofore tho production of 
(t) pig lead enriched in silver; (2) pig lend fr«e from cdver; (3) a 
leady sliig; and (4) Riilphiir ifioxidp. In thi* cmv* iif iirm rontnin- 
ing less than 75 per cent,, Pb the gangn*' frirnw firrt, n litilii ^kin 
and then a thick hard crust which rood interferes with the opera- 
lion, eepeciiUly if the oro bo zinkiforouB, This difbculty w ovar- 

* Aa ArijriAally publiflhtd the tillo of thia oriiclt wun " Le«d-6ii)Cillin|E 
nrilhout Fuf^" Iei llfut coniLVflum irfRrmrc mny v^'U tir mode to H&nnay'f' 
«xpc<nni<Tnt« and thpotin, TnnKittumt Ifunitutjon 01 MuUTig and HouUurg^-, 
11, IBS, arKl EluDtingtoD't dbouiiBioii, ibid., v ^^'^• 
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le by incrcflMn^ the tcmpcrAluro or by fluxiDg the ore so as 
to pro^uc^ A fuflblfl •Ing. A Imdy slag in alwnya Mcity produced; 
this is tht* f>nly by-product of th« procMS Th*f th^areticAl reac- 
tion r^cjuin^ AOO t'li. n:. nf ft'ir* unruming a delivery of 50 per cent- 
from tbc blower, and At one atmoflphere preaeiire io^'olvefl iht 
expenditure of 18 h.p. per 1000 k^. ^ g&lcDa per hour. 




l*lO. -M}. — i'l^ and Klcvblion ol »UK")1Jiig I'lunl at V\\6hf. 

The arranKcmtnt of the plant at Clichy is Miown diaRrammati- 
ill Fir. 'i^U. Ther^ is a round ahaft furnace, 0-54 meter in 
leter and 4.5 m^tem higb. IViwc^r ii* niip;ili(Hl U* Llie blower 
C tlirough tl^e pulley H and Ihr shaft DD. Tlie tompreBsed air 
Ifl Accumulated in tiie resen-oir R, whence it ie conducted by 
the pi|Xi to Ihc tuyere which is euGpcndcd lUftide of the furnace 
by means of a chain, whereby it can be raised or lowered. 0^ 
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and 0] are tap-holea. L ia a door and N an observation tube. A 
is the charge tube. X is the pipe which conveys the gaa and 
fume to the condensation chambers. T is the pipe through 
which the waste gases are drawn. V is the exhauster and S is 
the chimney. K, and K, are tilting cnicibte furnaces for mett- 
ing lead and galena- 
After the furnace has been properly heated, 100 kg. of lead 
melted in Kj are poured in through the cast-iron pipe P, and 
after that about 200 kg. of pure, thoroughly melted galena from 
K,- Ore containing 70 to 80 per cent. Fb must be used for this 
purpose. The blast of air is then introduced into the molten 
galena, and from 1000 to 3000 kg. of ore is gradually charged in 
through the tube A, During this operation black fume (PbS) 
collects in the condensation chamber. All outlets are closed 
against the external air. If the air blast is properly adjusted, 
nothing but black fume is produced; if it begins to become light 
colored, charging is discontinued and the blast of air is shut off. 
Lead b then tapped through 0^, which is about 0-2 meter abo^"e 
the hesrthj so there is always a bath of lead iu the bottom of the 
furnace; but it is advisable now and then to tap off some through 
0|, Bo as gradually to heat up the bottom of the furnace. Hearth 
accretions are also removed through O,. The lead is tapped off 
through Oj until matte appears. The tap bole is then closed, 
tlie tuyere is lowered and the blast is turned into the lead in order 
to oxidize it and completely desulphurize the sulphur combina- 
tions, which is quickly done^ The oxide of lead is scorified as a 
very fusible slag, which ie tapped off through O,, and more ore 
is then charged in upon the lead bath and the cycle of operations 
13 b^uR again- 
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DUST AND FUME RECOVERY 

FLUES, CHAMBEBS AND BAG-HOtSES 




DUST CHAMBER DESIG1V 
Bt Max J. Wslch 

0-ptaafcal. IMMI 

y fl f ew y«flra ago — **''"*c *^**f*'** begim t^ T«o<^it« 
the advaiititge of ]mtffi dttnben Hor eo^leeUiig flurt fltat mM 
cotidecuiiiiC fumes. The object is ihrwfoUl: Fir«tp prt^fil j Mvond, 
to pre^-eat bw sutU w'lih surrotindiiig agricultunl iQtcnsts; 
third. i:iettriBpeaB about ihe pL&nt. it \B taj object &t pnarat to 
dbctuB the nut^nals used in constnicMon and f^encmi type* of 
«wm nrtrtion. 

Hoet uT ibe iM types of clauiber^ Afv Imilt nfler ocie geiMinil 
p&tt«m, Dtm^ely, bHtk or stone frkje walU and jircK roof, witb 
iron buckslays and tie rode. The sb4»ve typo is now DCoHy out 
of use, because it is shoTt-lived, expensive. u\d dangerous to 
repair, while ilie steel and ma^onr^^ are not used to good ad%-aii* 

tf in fttrti^fUi of iTuaA-eecliwu. 

With Uie introduction of concrete and expanded rnetal Ix^ean 
a new em of dusl-chambcr (construction. It was fiiuiid t-hat a 
■kdeloti of sleel with cement plastor \a \-ery vtrong, light and 
^hiup. The Crst flue of the type shown in Fig. 29 was built a^er 
tim drai^i of E, n MwfliWiT. ill the ATkAiisoa Valley 8ntdLt<r in 
Colorwio. TWtn Gue was in commission fH^voral yoats. coDVcyins 
sulphurous fcases from tho reverberotor>' roa^or plaat. The 
name (*fnnpany decided, in 1900, to enlarge aud entirely rebuild 
it» diist-<'lifimbpr syHtein, and three types of cT0SH-*wMon w«rtt 
TuU^piPid to nieet the variotia conditions. All three type* wure of 
coment and »tee1 con«tructinr> 

The first lyjie, shown in Fig. 27, is placed diroctly bcliind tho 
blast fumaccii. The cmss-secUon is 273 sq. fi, area, being dft* 
signed for » lO-fumsee lejid amell^r. The imik part is formed 
upon thf» *lope of the hilbiiilt? mid paved with 2,5 iit of brick. 
The front part is uf ribtei cfliit-iron plott«- Ninety per cent, of 
tho flue duat is collected m this chamber and is removed, through 
altdtng doora, into tram cars. Then* is a little knad 
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ft doof to rotftia Hue dost. It tt <imply to awk^ tis Mum «il 
ol Ui« door frscn« horitootaJ for & fpae* of tbout 1 in. ouukk «I 
tli« <loor slide. 

The front put of llio tlmmbcr, T\g. 27^18 of C3^«iided omUI 
4nd ocment. The top ia of 20-111. l-bcams, apanimv m diiUoet 
of 34 fu with l$-iD. croot-boamfi ami 3 in. of coQcrato floor rvcti^ 
upon the bottom flnrg^ of th« bonms. Thb b««vy roiwinitim 
lojinfi thr foiin<l»t.ioTi for the rb^trgin^ lloor, bins, luraW. KC- 

Whilo Jwolhng upon Chia type of couilniGtioii I wiaL to mc^ 
tion tt mofft iropoTt&nt point* thAt of the proper fMcior of fiftfetj. 
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PiU. 37. *— RMfiingiilif (arm ct Cortmiia fJtui CbftmUrr. 

Flue duFt, coJl^t^ near ihe blivt ftimaco, weighs from 80 to 
100 lb- per cubic foot, and the ntcH vupport« should be deeigiwl 
lor Id.OOO lb, ecutTpmo fiber strpjw, wh(?n the rhamhrr U Ihree- 
quuterd full of duet. If the dust is &Jlowed to accumuUte 
bejood this point, the stoci, b<^inj: well designed, Bhould not be 
*ven4ndned. l>L»cu8BioiiA n« to Btrnina in bine hsve been uied 
b? the coipMehQg profemion, but the praeent question ia "Where 
b4#llt A^ttJbtT e bin?" nxp<>rienre nhomi tbnt bin cooAruiv 
be idopied behind, or in close proximity tOj tite btMt 
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T^, 28 abowB the e«c<md type of liopper-boUom flae sdppteL 
It ifl of Y«ry ti|;hi coaslmctioD, of i74 a<|» ft. »ca In tbe clcttr. 
Tbe bef^onLog of this Hue bein;; 473 ft. from llie bla«t funuc^ 
removea all pin^^^ihility of any niftterUI floor-lo«ul, u tlie dvM to 
ngbt in vrdgbt uiiil douei oul cultcscl m i^rgje quftotitiea. Tbo 
hopper^botloRi floor ia romied of 4*111. concrrtc abbe, tn panela, 
placed betvcGd 4-iiu l-bttms. Cart-iron dour frames, with opea- 
iqt? VI X 16 in.f aro plaMd on &-ft. ceiil«En. llio ooneieto floor 
&ft t«aaped in pl^^ around the fnuqet. The atdc walls aod roof 

built of )-iQ. AiigLoi, »[pAndod m^nl. lu^ pljtMvml to 2-5 m. 




Fte. 38. — Axcfaed fona of Con«n4« DuA CbftmUt. 



tMekneaa. At every lO-ft. diataiu^, plluter ribs built of 2-in. 
Miglai, Utticnl Am! plutend, form the triod-bnKuig ftod arrh 
roof support. 

Fig. 20 sbova the beehive oooatnuiion. This thftmbcr tt of 
253 9q. tU erott-flociiOMJ ar«s. U u buijt of S-in* chaitneb, placed 
16 in. centers, ti«d wrth I x 0,123 in. st9d strips. The objftpt 
of the Btriiie B in mippikft the 2-iD, i^hannplH daring prrctinn. 
No, 27 gage expenided metal lath »aa i^ired to lL« iindc of iho 
channels and the vho4e pbfltered lo a thiduKH of 3 in. The 
inbde coat wae puttered fim with poctlaDd cement and sand. 
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tA thivt, with ftbotit 5 per mit. lime. The filling betvwo 
iftM m ooe U> four, »t>d th« outxudv coat ooc to Ibroc. 

Tbt ftboYC tjpe* of diui ch*mbcr hnvt bcco in ubc ovtf tbt* 
yiMi At LctdviUe, Omoit and cotiercle, in conjoncUoa with 
MOil, bftvt bMO wtd ia UUh, Uont^Qfl uid Aritoti*, in VArioui 
IjpM of iffOM wrtiQ>. Tb« reauJtB >hov dearly wherv not to 
IBP c^romt; niunHy, when* rondensinf sulphur ftimnt coai« in 
ooalAct v'ilh ibo «&lls, or vbore moisture coUecU. forming aul- 
phuric »«d. The n«soD u that porilAnd cement and Ibit 
BMfftar Mdlin aJcnm bjdnt«, whieh takee up sulphur (too. 
At fvM, fiorauBg caleram «idphAt«. In coadeasing eh&mben. 
lU c«lciani siilpKai« takes 19 water, forming gypsuiD, vhkK 
«xpABdBaad pads oil. 




Flo, 29, — Dnttlvv form of CouoRb) Du*l Owmhc*- 

In tnaKnak of constructiOB it is rather diflkrult to ^t Gon:ie- 
thing that ^-Ul ciand the aetion of eulphnr fumes perfoctly. The 
linw DWftar }i>ini« in tbe old types of brick tlue^ iir? six^n c^ttn 
away. The arrim t^econne weivk arxd fall down. T noted a sheet 
«t«ol oondansiDc syslerui, wherr id one y^r the No. 12 steel was 
'^^•riy aaUn through. With a \-iew of pro&lLD^ hy past eocpe- 
tietice, h»l us consider the acid-proof materials of construction, 
i»ameJy, l^rirk. adobi« mortar, fire-day, and acid-proof paint. 
Alao, let us consnlcT nt what place in a duAt-chamber systcn; 
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ara wo to t*ke tho proper precaution in th« UM of thcAO mato- 

At smHrin^ pliinlAt, t>oth c^ijipt-r nni) li'iid, tl i« found that 
neur the blut fuxnocofi the gAMe rcmnin Uol snd dr>', au thai 
oovKrvte, biick or ntone, or aieei, tun naScly be usod. Lead-blast 
fum&ce niflMS will not injxire auch confltmcti^n nt a diet&aoo of 
6 or 9 ft' »w»y from Ihe fumnrps. For mpp^r fuiracM^ roasters 
or pyritir KmHtinp, fiirtcrHp or Hme mort»r confitructloD should 
be liuuted to within 200 or 300 ft. of ihc funiacctt. 

MAriotlicr type of scltlinK rbambcr b 30 ft, aquiire in the 
i!l«ar, with concrete! Hoor bctwoon beams and Btool hopper bottom. 
Thifi chamber is built within 150 ft. digtanc« from th« bla^t fur- 
Daces, and is tmc of the tvpn* nsrui :*f the Shariron Copper Com- 
l^any'a plant al Clifton. AiiAooa. After pafl^iiig \\ie 20(>-ri„ iimrk, 
tbcre ia no need of cxpr^nsivc hopper dcaign. Th« amount of 
ttiwduat eetttod beyond thj« point i« eo pmoll that it U n l)6ttcr 
ibvcetment to provide only ^mali Hide doort llirougb uihich thd 
dim can he removed. The idiMl Himtigement Is to have a aystem 
of coiK|i>iiatiig c[ian]hcT9, so soparatcd by danipera tbaL «iLltiTr m^ 
cat! be tliiown out for a abort time for cleaning piu^-uaee, nnd 

Kt whole ayetem can be thrown In for beat efficiency. 
Atf to croee-aection for oocdeixaiiig chambftrt, I conaider that 
e followiog will come near to meeting the requirctaerLtH, One, 
fcmr, and lux, conrrKte liiiuidtitiiin ; Lltt dratnuge, 9-in- bru-k walU, 
l*id in odolw mortar, pointed on the outfiide with Uihr ninrtnr; 
occBJiiotLul stripa of cxpurded rnetal flooring laid in joints; the 
DVOCflsary pil&ster* to tfikc caro oi the mm of cross-eection adopted; 
the to|t covered with uopaUited corrugated bon, ov-er which ia 
tampud El rcincrete rout, nearly Oat; conorote to i^unluin i^arru- 
gatnd bnni h\ accordance with Light (tear ctrn^tnjclidn , and laAtly, 
the comiiEAted iron to have two coatd of smphlto piunt on under 
etde. 

The above type i>f roof !•» u*t>d under slightly different condi- 
tlcnu over the immetise duaf. cliJitiil^er of the nnw Oipprr Qucvn 
imeker at Douglrts, Arizona, The paint in an important conetd- 
eration. Steel work imbcddoti in concrete ahoidd never be 
painted^ but all Bt.ecl exposed to fumea should be covered by 
graphite paint. Tests made by the United &tatoi Graphite Com- 
pany show that for frtack work the pmnt, when exposed to aeid 
, under aa high a temperature a^ 700 deg> F>, wlU wear welL 



COirCREI^ m HETAIXUR6IGAL coirsTRncnoM' 

By Henry W, £t>wabi>s 

The confltruction of concrete flues of the aection ehown m 
Fig, 31 gives better results th&n that shown in Fig. 30, being lev 
liable to collapse. It costs somewhat more to build owing to 
the greater complication of the crib, which, in both caseSr couaists 
of an interior core only^ For work 4 in. in thickness and imder, 
I recommend the use of rock or slag crushed to pass through a 
L5>in. ring. Although concrete is not very refractory, it will 
easily withstand the heat of the gases from a aet of ordinary 




FiQS. 30 and 31. — SeolionB of Concrete Fluee. 

lead- or copper-smelting blast furnaces, or from a battery of 
calcining or roasting furnaces. I have never noticed that It is 
attacked in any way by sulphur dioxide or other furnace gas. 

Shapes the most complicated to suit all tastes in dust chambers 
can be constructed of concrete. The least suitable design, so 
far as the construction itself is concerned, is a long, wide^ straight- 
walled, empty chamber, which is apt to collapse, either inwards 
or outwards, and, although the outward movement can be 

■ Ebcterpt from a paper, "Conciete Ln Mining and MetAlliirgical Engineer- 
mg/^ Transadums American Inatitute of Mining Engineers, XXXV (1005), 
p. 60. 
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prevented by a system of liKht buekMnya and iicvrods, the too- 
deocy to ^lapBc invrftivlB is noi «o simply ^rontroHed In ibo 
ahBtnnri* of trannvArHe baffle wullt. Tbe teatkney, ao f at u tbe 
«<i[livtion of meschanical flue; tliiiit in concemftd, appCftn to be 
towHrdA ft Urge empty I'titunbcr, without bafBoa, etc., in vrhieh 
tlic velocity of the uir i^urronUf is rcdtiml to u iiucimutn. ub<l 
th« du*l ftUow<Ml to seiilc. In the ubsence of iranB\'«rae baffle 
wftHK to roitntf-ruct tlie co]U|Mi>nf[ tendani^y, it ?»eeaia beeL to 
(Icsig7i thr chnmljer with & numlK-r tif fituut co(LcnM« columns At 
suitable mtervftln ulong the eidc «nd end wolJa — the waLIh tbem- 
•cJvett heinjc ii^ftde only & few incbca Uiick with woven-wiro ncraea 
or *'exp&iidod meiid'* buried wtUiin tb«in. The wire «kelct(iii 
Bhould a\9ii ht; erribeddeil tnLo th« pnltnnns in order to prevcnL 








the separation of wftll iind the coluronic Th'tK method of von-^ 
fttructing U one (hat 1 havp FolUiwrd with vpry ^atiafartory 
results afl f^r (IS the cnnstniction itself i^ concerned. 

igs- 3'i anti 'i3 show a rhiinjixTr designed and erected at the 
Guillernio SineltinR Work* at Paiomarcn, Provinco of Murcia, 
%)ftilL Figa, M ttnd 35Mhnw adfl«ign im th*> smelter at Murray 
MlnCn Sudbury, Ontario, m whioh the rfiliimnf an? hollow, thus 
economidng concrete ntsitcnul For work of this kind tlie cul* 
umnB am built fintt and the v^irc nottinp etratcfaed from column 
lo column ami partly hurird within thorn. The crib la thon built 
OH «»*'h !*ide of the nettings a gang of men tvorkin^; ffi>iii both 
ddea^ and U built nfi n y&nl iir no at a tiiTie nfi the work progreescs. 
Boord rtf Koo^ ffjse avhould be provided for eiitronoe into the 
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chamber, and ta they will crckiom be oponed thetf^ is do need tm 
ex|3«iuuvo faflt<mifiKft or hmRtti. 

F^undati4>na f^r !)ynamfn find either Eltftriad MatMmrf,^ 




bor ftt tho Guillcrmo SmeltiriiE 

Dr^ coiioretG ia a puor conductor of electricity, but when wel it 
becomes n fairly |^i>od conductf>r. Therefore, if it be necenvT 
to insulate the ele<ilri(*ul nppuratujij the coni^rete should be 
with & layer of asphalt . 




Fm. 



SI. — CoQ<-peV« 
fludbury, Ontario 



Uinm, 



DU8T AND FITMB ItEOOVBRY 



237 



Chimney Ba$tt, — Fig. 30 shows like ba«e for the ftOft. brlek- 
stAT.k ttt Don Ouillermo. The reeemblanc« to madoiiTy is given 
by D&iliii£ atripA of wood on the intade of the crib, 

AdGmtnf^-ir^e. — J-'igB- '47, 38, anU TO show threes tUHcreDt 
ctvles of retainiiig-walle, according to Waiion, Th^e %il1U nm 
s^hown in ^ctiiin only. unO sliuur the pliu'lng <>t the iron reen- 
forcrmenU- RelAiriuig-walln hit l)nt built in pnncls («eich |)ani-l 
being i dn/s work], for the rtoacm that horifonU) jmnU in tho 
concrete ure thereby Avoidoti. The ultcrnuti) fiunob should bo 
built Erst and the intenneiiiate spaces filled in ufterwimj, Should 
tbere be wuter behind the wiill it hi best to insert a fftw ctniiLll 
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FW. S&P — Concrete nv«t€bAinl>«r ilraigned tor nualt^r at Uutnj Mim, 
■ fiudbury, Onmriu* Ctm. (Eud clevaticm.) 

pipoe through the wall, in order to carry it off; this precaution is 
particuIiLrCy important in plac^ where the natural eurfaoQ of tho 
ground meets the wall, as shown in Figs, 37 aiLd 38^ If a wooden 
building is to be erei'ted on th« retaining* wall, It Is best to bury 
a Tpw 07ft-in- bolts vertically in the top of the wall, by which a 
wooden coping may be secured (see Figs- 37, 38, and 3fl), which 
forms a j:ood conitnoucemi^nt for Uie carpenter wcrk. 

MtDimUTQ thickness for a reiaLning-wall, havuig a libcraJ 
quantity of iron embedded therein, is 20 in. at the bottom and 
10 in. at the lop, with the taf^er preferably on the inner faL<e^ 
io the at«ence of interior atreugtheniug Iroua the tbickne»» of 
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the wftU fit tltc boltom aboulJ itevf^r bf^ l<=w than (Hi«-fDimli ibr 
tot«l highl, Aad at the lop uni>-«cv-enth of tht hi^t; u^u 
v«ry tibenU iron bfBclng be usccJ, llw dimcneiODfl can hardly be 
rtTlii(«d to [ee8 than one-seveulh jirwJ one-tenth raspeoUvi 
UDbrac«d relaiiiljig-wulla are niore liable with ihe batter od| 
outer fftce. Dry ctay h l)ie moat treacrhertuui malertal \Amt 







Ftn. U, — Crtn(irf>l«> Raw lor ft UO-ft. Chtomoy ot tlL» tiuillenno Uowlttag 

be bad behind a retaltdnA-wall, upocially If it be boat«a m, for 
the reaflou tViai. it 1b ho prom; tu abworb mointurc imd nwvll, CAUnng 
ail nnonnoiui Aiilt* tlinmt n^airuit l.hr vniW. When thm mAtfvit] 
ifl to hvi rctuJEitid It in 1>nt tci ImiM tlin wtd\ itLLpcirabundaittly 
BtroDs — a pn.'GdUtiuti wbicti applies even to a diy cUmale, 
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bMAUae th« burecin^ of a wotcr-pipe mny cbum the dftcnagc 
Id order to as-otd horiiotital jf>int4 it w ixwt, whfrrcY*r prn^ttcable, 
to buitd the cnb-wi^rk in iu cDtiroty b«f^ro irUrling the t-xknrret^ 
la A KtAltUng^wnll 3 fl. thtrk by 16 ft- high thb ~w not pTMttU 
eablcL The aupp<>rti[i^ po»t# ahiI iftnitA cfLit, lia«^vcr, bo com- 
pletoJ «itd the bottrda liiJd in &0 the waU ktows, in order uot to 
fntcmipt th« regular proems of lh» tampiDA- A good finiah 
mifty b« produced on th« «3[po0ed face of the waH by a few 0tn>kee 
of the ihoval up tnd down with its bock BgainjA the crib. 




In ooQcliuJon I wish to atute tUai this paper la not wrlttea 
for the umtruiTtion of the oml i?ngint»r, of for thiMo who liftve 
special cxEirrrifriti^ in this line; bjt rather for llie luiTimg engineer 
or ract&lIuTKiJtt wh<Mw tmining is not very deep in tUm directioo, 
and who is so often thrown upon bia own reeouroea in the wil- 
demcfli, &nd who miftbt be ^jind of a few pmotical auggestlona 
frotn one vho ha» bc^n in b liki; predicament- 
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Bv Edwin H. AlEiifliTER 

nnrfw the liciuling " IHiiph," Mr KdwnrdA rafen to the Bw* 
hive ronnlruction. ii cmm-McctioD of which '\» «howD id Fig. 3L 
of hia paper, A flue stULilnr to this was dcsi^Qed by me about 
six years a^o,* nod in which tho wailif, though much tlimbQr tb&a 
thoKe described by Mr. Edwardti, gave entire sutifif action. Theee 
waIIs, from 2.29 in. ihick throughout in the smaller flues to 
3.25 in- in the hirn^er, were hutlt by plaat^ing the cement moruir 
on cxpatidcd-mcta] lath, without the uae of A&y forma or cribe 
whatever, at a cost of labor generally leas than $1 per sq. yd. of 
wall. Of courso. where plasterers cannot bo obtained on reaaoo- 
»hle terms, the cement can he molded between wooden fontia, 
though it. ii4 difficult ttj nee how it can he doue wltb un interkir 
cure only, an atated by Mr. Edwarda. 

In regard lo the effect of sulphur dioxide and fumaco gaac« 
on the cement, I have found that in ccrtum cumcj this is a matter 
which must be given very careful attention, Wliere then ia 
HufTicierit heat Lo prevent tlifi existence of condensed moiatuiv 
inaide of thts flue, thm* hi ftpiTarenily nij act.lon wluit^ver on t^e 
texnent, but if the concrete is wet, it i^ rapidly rotted by theve 
gasee. At points near the funuk(>cs thore is gcncmlly auJ&cicnt 
beat not only to prevent internal condensation cf the aquootai 
vapor always present in the giise^n but also Lo iTvniMinif^ waCfr 
from rain at anow falling on tlie our.sidc of the ^\K. Further 
along ft point is reached where rain-water will percolate throufib 
mrnute crutkd caused by cxpansi&n and eontmction, and rc^aeh 
the interior even though internal condensation doea not oecur 
there in dry weather. Pmro this point to the end of the flue thd 

■A Discuasifjii of the Paprr by Henry W. Edwinli, on "Ctmcnrt* In 
Uiningand Metnllu^rvl li^n^Mrxng.'TrdAMcfionaollhBAawhcuilriailjtula 
or Uinina Eiipnrciv, XXXV 

> ^ngiBfCTintf ^fV'». N'lv 30, 1899, luid U. 8, Pi^ient Ne. MA,2flO, Ja&, I 
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roof muuBt Ur coftted on the outeido with aAphnlt paint or other 
imporvioiii; matonjil. In very \ong R«e« a point nmy hf r*ai:hpd 
whCTi? moiMurr wilt condenw on the mKiflc of thf? mJIn in c-ciM 
weAthcr. From ih'a point to the end cf the fluo it ie cnewnlinl 
lo protect the interior i^ith an Acid-resisting paint, of which Iwo 
or mora coats will be ncceeeary. For the tirat coat n mnteriul 
coEl&inmg little or no liti^eed oil la boBt, as I am MotumvI That 
the lim^ in the cement aitficks the oil- For thi>i piirp<i«* 1 hnvi? 
used cbomle v^riLish, arjii for the succeeding coatti dtirablo 
meU^coiting, The firal coal will require about 1 gal. t>f matcrinl 
(or each lUO eq. iU of ^uHucc. 

In one of Ihe earliest lon^ flue* built of cement in this counti^-, 
a small part near the chimney waa damaged aa a result of fnilttn- 
u> apply lUvt protectiv*- irujtLiiL^. the Keceoelty fur it not having 
been recogaieei at tlie liinc of ita conatructioii. ll may be said, 
in pAtaiiL^i tb^t other bn^ bnck Uuca built prior to that time 
were jUHt aa budly tittnckcd at pdiote remote from the funmcec. 
In order lo reduce the amount of flue aubjecl to condensation, 
th»^ pliLiifretl Elui*!i Imvi- bi^i built with double lath having an 
inter^eiijiig aii^np&ce iti tbc iiiiclcjk of Lite wall. 
H In buiKiing thin walla of ccmont, xuch oa Hue yiieX\&, it ia 
particularly important to prevent them from dryinR before the 
CGnient Ims combined with all the water it needs. For this 
reiiison the Vp'ork should l« sprinkled freely until the cement ia 
fully set- Much work of this cloas baa be^en ruined through 
ignorance by fires built near the walls in [:old weather, which 
€audcd the mortar to shell off in a &ht>rt time. 

The great saving in cost of construction^ which the concrete* 
steel flue nirikes pnaaible, will doubtless ean^ it In superaarle 
othwr iyi>e8 to even a gieate.r extent than it lifts idreody dtine, 
If propedy designed thia typo of construction reducca the coat 
of flues by about one-half. Moreover, the concrete-eteel flue is 
a light flue a* compared with one built of bri(?k- There Ih a 
Berious leakage through the walls of the brick fluts wbii-h in nrjt 
eAfiily obaerveiJ In Hues under suction a« frifial, flues arc, but 
when a brick flue la uiuler pressure front a fan the h^aka^e is 
surprisingly apparent. In fluce operating by chimney-draft the 
entrance of cold air mu^ cause a cooBiderable loas in (he efhciency 
of the chimney, a disadvantage which would largely be obviated 
by the uae of the concret^sleel flue. 



CONCRBTK FLUES' 
Bt Francib T. IUvaso 

] br^ U' Auhniit the fallowing tii*tt» crvnccrnin^ the Advttui^m 
and dJJM^vfiDti^ed of the concrete flues acd stAcke at Xht pLul 
of tho AnhnltiHcho Ulei- und Silbcr-trorko. Tho Buce and smaller 
•taclu at th« works vi^nt (foiu^tructed cf coiicr«te cODsisting 
gfioenlly of one pHrt of cement to uoven partA of sand and ji^^ 
tailings but^ in tlio niHo of the uader^niQntiozied metal concrete 
flIabSi of one part of cement to four partA of aand and tailuigs. 
Tbe coat of coDfltruoting tho coDoreto Quo approximated h icarki 
per sq. m. of oj&v (equivalent to tIJ.li per eq. ft-}. 

EfffH o} Heat. — A temperature above 100 d^. C. caused ihit 
concrete to crack deat rue Lively. Neutral fumaoe gaaes at 130 
deg. C, pa&Hing tliniugh iiii independent ctjucrete Hue and si^k, 
c^uao(i 90 much damage by the fonuatioii of cruoka thut^ oitet 
two yearn of uao, the etuek, conairuatod of pipM 4 in. Ihiek, 
roquirad thor^iugh repairing und c^uxHuiry (ieai for evaty foot of 
htght. 

Kffncl of Flue Gtifir.n aJid Mouitiirj!. — The aides at the main 
flue, mmlc of blocks of 6-in- hollow wnU-swctioiifl, 100 cm. by 
50 om. in aroaf were covered with 12-in- or l-in, Bbba of metal 
eODCratv. In cuwi where the Sue wua protected ou the out^de 
by a woodim or tile^l r^vif, and inside by an ncid-prrKif ;Kuat, 
eorwintin^ of water-j^laM aikd aisb«Loe, tlie eoncrete hu nat ^Ttxn 
appreciably afTce ted. Id another caae, where the protecUvoeoircr, 
both injsidc and outBide, wels of Oi^pbalt oDiy, t^ ecDcrete wafl 
tndly corrddod and cracked at the end of throe yout- In ^ 
third case, in which the conprece was iinprotooted from both 
atmospheric influence on the outride, and furtiace giuwH on the 
inside, the flue nafl quite doatroyod at the end of three yem. 

iA diMiUBioc of tht pftpiff of Uonrj W. I^klvruidai, on "CoD«i«ta m 
Miams nud McUlluncicoi Enj^nrbc," Trmmattmu of iho Aiii«riiQ*a Initllni< 
of Blinrng Knginwni, X\?CV 
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Th&t portion of the protected concrete flue, near the main stack, 
which came in contact only with dry, cold g&Bee was not affected 
ataU. 

Gasee alone, such aa sulphur dioxide, sulphur trioxide, and 
others, do not afFect concrete; neither is the usual quantity of 
moisture in furnace gases sufficient to damage concrete; but 
should moisture penetrate from the outside of the flue, and, 
meeting gaseous 30^ or SO^ , fonn hydrous acids, theu the concrete 
will be corroded. 

Effect of th£ Atmoiphere AUme^ — For outside construction 
woriCj foundations and other structures not exposed to heat, 
moist acid gases and chemicals, the concrete has maintained its 
reputation for cheapness and durability. 

Effect of CTyataUisalitm of ContaiJied SaUa. — In chemical 
works, floon constructed of concrete are Bometimcs unsatisfac- 
tory, for the reason that soluble salts, noticeably sine sulphate, 
will penetrate into the floor and, by crystallizing in narrow 
confinefl, cause the concrete to crnok and the floor to rise in 
plaoea 




BT WaLTEE RE>m>N iNQALLa 
tJ«lv IS* I9W) 

One of the m:>st efiicienl mctUotU of s&ving foniA and 
Quo <lu0t in metallur^kal pr&cticc 10 by filtration ibroUKfa 
This idea is by no meaas a new one, havini^ been propoaed by 
Dr. Percy, bi his treatise on lead, page M9, but be Enak€s no 
rnentiuxi ui ttuy jLtLtfiiipt to apply it, 1u fint practical apjilica^ 
tion w^ found in IbQ fn&nufacturt of xuic oxkle direct from or», 
initizilly tried by Rictxurd and Samud T. Jonoa in 1850, and in 
1S51 modified by Sauiu«l WethenU iiitf> the process wfakb ooo- 
cinii^ ill iiKL* 111 ibe pre^i^rtt tinte in about the tjiinte form vet oriigU 
Tutlly, In 1>ETS a abuJIar pnii^mH fur iht. ni&rmfactuic uf nhita 
lead direct from £al«iiA wut introduced at Joplin. Mo., by G- T. 
l.t'viiti actd Kyre O. B&rtktt, tlic UtTcr of whom had pnviouely 
baen engaigeii in the munufm^turo of £i:i<r oxide In the East, from^ 
whii'b he cibiained hi^ idea of the Jtiniilar nianufaetun of whi 
If-^d. The diJtereni'fl in thi^ nhfinuiter of Ibr* ore nivl other 
ditions, however, mode it nccctKary to introduce nnmero 
modiScaticins before the proccffi bceanie tfuvce«sful. The eTeotual 
auccf£!f of the pn>(<(^ led to iX» apjihcation for filtration of the 
fume froTTi (lie bliuit fiimacfM nt the worka of the Globe BmdUas 
and Rrtining CotTipuny, at IX'-Ot'er, Colo,, and lalcr on for Ihe 
filtrntidn of the fume from the Scotch hcfiitlia employed for t 
ameJting of g:nlena in the vicinity of i^t. Louie. 

In conneelion with the «meltlng of hi^h-ffrade fcalena in 
Scotch hf^rlhs, I he ba^-hnitw in now a sitandard n/ceeMoty, 1 
haa received alwi Poni^iilcrahle application in conneclion iri 
■ilvcr-lead blwl-funiacc emchiniz and it the dwilvenibx 
oricfl> lis field of usefulness b limited only by the eluoacter 
thg gns to be filtered, it b^ng a prerequiiate that the fcan eed 
no (xnmituent that will quickly denroy the fabrie of wluch 
ba^ are made. Bb^ are also emplnyfd BuccvafuHy for 
collcctioD of duflt in cyanide mills, and other vorka in « 
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find «ni0hii^ ia prmctiMcd, For «uimplfi, in the magnctk wp^niing 
wOflCB of th« N«w 2fTw.y Zinc Cr^mpftny. Fnuiklin, N, J., where t^ 
OMtlMH nf Xhp Kfiisrir []rv^r»r tlin^u^H whiHi i\\r. nrv: bt fa uwo d, ran- 
mufucate with bnK-filtrrin£ machinQs, in whic4] the bi^ are caoMci 
to revolve for the purpooc nf meohuiical dinchikrKc. The filtnUon 
of such dUFt u> more troubtcvome than tb« Sltr&tiott of funuKC 
ftir^, IxtTftiufe Lhf rondnuuitlon of noivitire eauiGe« tho bt^l W 
become »oggy' 

The st&nJard bo^-hotiM employed in coanoctioD with funuce 
wDtil IS a lat^ rooFD, in which the bA£4 haniE vertically, bei^ 
enspecided from the top. The bo^ are nmply tubes of coitUfi 
or woolen (fiftonel) clotb, fiotn 18 to 30 in, id diamot^, ftnd 20 
to Z^ ft in Ip^^h. mfwt. r?mn manly About 30 ft. In tbe muiu- 
facturc of £iitc oittde, ihe fumo-laden gu in conducted uitu lh« 
house through shcot-iron pipOB. with suitably jtrrftiiged bmocbtt, 
from nipplen f>n whirh the b^^ ftro mispeaded, th« lower find 
of the bag boirig simply tied up untkl it b neoMMtry to dkdiftrce 
tbe fllterad fuTTiF by nhakin^ In tbe bag-housee employed in 
the metallurgy of lead, the fume Is introducin] at the tjutlfira 
ioto brick chambers, whicli arc covered wiLh aheet-lrort plalo* 
provided with the neocaaary nipplea; or elae ioto bopper*bottom, 
d^eet^bou lluee. vith iho n^Mnary Eippica on top. In either 
ease tlie bags »re tied to the nlpplee, and arc tied up ti^hl at tha 
topt wlifn^ tltt!j h.rv tiuapfitiiiM. Wtjen thi! fum« in tlbdndgod by 
dioking the t>asd. it ffille into the cUainljer or hopper at the 
bottom* whctite it in periodieully removed. 

The cost of attendinR a bog- house, cx^Ueotiof- Iho ftimc, etc,, 
variffl from about lOo. per ton or ore smckod in % Ur^e plant fike 
tlie 0!obe, l« abouL tTtc. ih*t ton in u Scotch-liei*r1h pUul tr^Atia^ 
^ tona of ore per 24 houtSL 

No delinito ruieti for the proportiooinK of filtennjc viea to tbe 
i^uantiiy of ore Treale<t buve been formubtod. I'be comet 
proportloti tmm( not^e^arily vary IM^ccl^ding to the volume eJ 
gaaeouA pniditt'ts <!(»vplojK.ii in ihf? :<mHlinK «f & ton of ow, tbe 
percenla^e of diuit and fiimn eontaincd, and the frequency wilb 
which the hags arc shnkm. it w>uM nppear, however, thai in 
blaet Tunmcce and i^oli^hhonrth iimcltin^ a ratio of 1000 8q- ft. 
per ton of ore would be sulTlcient xmder ordinnry ronditionfl. 
The twg'hmiKe origmally <^onstnH!tf'fl at Ihr Hlnbc^ worka had 
utioul 2^ ac|. ft. of filtering area [mr f<'u >tf rhar^f* Mnelted^ hxii 
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ihli VA8 fUbeequeoUy Increased, and Dr. lies, m his treAtlae on 
lead-^meltiiig, reconimenils aii er|iitpmenl whicli would correfipond 
lo about IttO *Hj. Si. per ton of lUar^t^. At ihe Oitmlifi wurkfl, 
whert the Browr-De Camp eydtein wud uacd. there vns KO^OOO 
flq. Et. of doth for 10 fumoccfl 42 x VJO m,, aovordioj; to Hof- 
nukc^" Metallurgy of Lead/' which would give about ](K>0 «q. ft. 
per ton of cKur^^e auielted, uamiTiitii^ >lu ikveni^4=^ of tMgtit fi]rniu!r!( 
to Xxi id blmtt- A Iju^-hfitiai! in n Hcutt-li-Tit^urlh MticlLrtry^ nt 
St. Louia, bod ftpproxjmatdy {H)0 sq' ft. [>«r Ion of ore ttmdtecl- 
At the LfOoe K\m worlu, at JopUn, tht; ratio wms abriut 3500 eq- ft. 
per ton of ore smelted, wlten tlie worka vitm rain at iheir maxi- 
mum cagieicily. In ttie niamifacture of iXnc oxide tlw ba^ are» 
iwwl to Iw fnun 150 U* 200 «q- ft, [wr wiuart" ffHil «f ^rntp on 
whtch the ore is burned, but at pRlmcrtnn, Pa. (tlic most modern 
plant), the ratio id only 100 : I. Thia ooirCHponda to about 1100 
«q. ft. of bog oreik per 2000 lb. of chjir;(i-i wtirkoii on the grate. 
In the manufacture of xinc'lcuui wliite ut Cudotl City^ Colo., the 
(tto lietweeci bag art^a niul gratt; an^a ui 150 : 1. 

Aasuniing the gaa ti tw frcp. or nmily free, from aulphuroua 
fUDM9, tbc baga arc miwln of unblcachtxl mualin, v&rying in weight 
from 0.4 to 0.7 o>. avoirdupoia per s^iuarvf foot, Tbo f^toth should 
have 42 to 4S thrctadn per linear inch in the warp and the anme 
number in the woof. A kind of cloth (inmmonly «wd in good 
practice weighs O.G oe. [>t:r squiii'i* fool uud haa 40 tlireads |£r 
linear inch in both the warp and the woof. 

The ba^ should bo 18 to 'JO in. in diameter. Therefore the 
tlotb ehould be of su(^h width aa to make that diameter with 
only one seam, allowing for the lap. Cloth (12 In. In width is 
moat (loiiveitteiit. It eoalti 4 to 5c- |wr yard^ Thi; iM^arii '\rt 
made by lapping the edgca alnait 1 in., nr by turning ovisr the 
edgea and then lupping, in the latter cute (he atitchca patuing 
through four tlikknesae* of the doth. It ahould be acwed 
with No. 50 linen thread, making two rows of double lock* 
alitches. 
Ip The tlirmbles to which the bags are fastened «bould he ^ 
No. 10 sheet ateei, the rim being formed by turning over a ring 
of 0-25 in. wire. The baga are tied on with 2-in. etrip» of 
mualitt. The nipplea are eonvenieotly spaced 27 in. apart, cc-jitcr 

center, on the main pipe. 

The gaa in brnt introduced at a Urmperature of 250 dcg. F^ 
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Too high a temperature is liable to cause them to ignite. Th^ 
Are safe at 300 deg, F., but the temperature dumld not be allowed 
to exceed that point. 

The gaa is cooled by pavage through iron pipes of suitable 
radiating surface, but the temperature sliould be controlled bj 
« dial tbennometer close to the bag*house, which should be 
obeored at least hourly, and there should be an inlet into tha 
pipe from the outside, so that, in event of rise of temperatim 
Above 300 deg., sufficient cold ur may be admitted to reduce it 
within the safety limit. 

In the case of gas containing much sulphur dioxide, and 
especially any appreciable quantity of the trioxide, the bags 
should be of unwashed wool. Such gas will soon destroy cottour 
but wo(ri with the natural grease of the sheep still in it is not 
much affected. The gas from Scotch hearths and lead-blast 
furnaces can be succe^ully filtered, but the gas from roasting 
furnaces contains too much sulphur trioxide to be filtered at all, 
bags of any kind bong rapidly destroyed. 
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ROTARY BLOWERS VS. BLOWIKG EHGINES FOR 
LEAD SMELTIITG 

(April 27. IMl) 

A note tn the communication from S.E, Bretherton on'Tyritic 
Smelting and Hot Blast," published in the Engineering and 
Mining Journal of April 13, 1901, refere to a subject of great 
interest to lead ameltere. Mr. Bretherton remarked that he 
had been recently informed by August Raht that by actual 
experiment the !oss with the ordinary rotary blowera waa 100 
per cent^ under 10 lb. pressure; that is, it was possible to shut 
all the gates so that there was no outlet for the blast to escape 
from the blower and the pressure was only 10 Ib.^ or in other 
words the blower would deliver no air against 10 lb- pressure. 
For that rea^son Air. Raht expressed himself as l>eing in favor of 
blowing engines for lead blast furnaces. This is of special interest^ 
inasmuch as it comes from one w^ho is recognized as standing in 
the first rank of lead-smelting engineers. Mr, Raht is not alone 
in holding the opinion he does. 

The rotary blower did good service in the old days when the 
air was blown into the lead blast furnace at comparatively mod- 
erate pressure. At the present time, when the blast pressure 
employed is commonly 40 oz. at least, and sometimes as high as 
48 oz., the deficiencies of the rotarj- blower have become more 
apparent. Notwithstanding the excellent workmanship which 
is put into them by their manufacturers, the esttensive surfaces 
of contact are inherent to the type, and leakage of air backward 
is inevitable and important at the pressures now prevailing- 
The impellers of a rotary blower should not touch each other 
nor the cylinders in which they revolve, but they are made with 
as little clearance as possible, the surfaces being coated with 
grease, which fills the clearance space and forms a packing. This- 
will not, however, entirely prevent leakage, which will naturally 
increase with the pressure. Even the manufacturers of rotary 
blowers admit the defects of the type, and concede that for pres-- 
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fiw T^Kst apy m. the 

todnva iL n» 

vitfaoot ■BowfcnMj for ^ 
«r kttfca^ hmtkwvd. Mr. Venn ej ept w cd the <^Hnioii tlut far 
the M«e Artittl e«f»eit J ftl 21b, pranm, thftt is, the delivery in 
enbk Uti fl^viwt 2 fb, preMore, tb« cjUoder blower would cost 
fio more th«i, if *• amOt m, the roUiy Wowet. 

In thk connMtHm it if worth while making a note of the 
\ucrmMin$ tendency of lead smelt«ra to provide much more pow- 
erful blowOTt than were formerly conwdered noceoaary, due, no 
doubt, In lai^ mewure to the reoognition of the greater loes of 
sir by leakage backward at the pienure now woriced against. 
It is oonilderod, for example, that a 42 x 140-m. furnace to be 
driven under 40-oi, prewure should be provided with a No. 10 
blower, which ilie dlsplaoee 9Q0 ou. ft. of air per revolution and 
is designed to be run at about 100 r.p.m.; ita nominal capacity 
tn, thQrfifor«» 30,000 eu. ft. of air per minute; although its actual 
deUvwy against 40-ot. pranwe b madi Iob. as pointed out by 
Mr. lUht and Mr. Rrtthartoa. TU OoManville Blom Com- 
IMAy, of OMUMnvONi, M.. ttNtr v i ur kt A tW Agvas Oafieidcs 
liUnI (tto« nt tU Awnfciaa SknsH^ wi V t t % Oo«fMy) 
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a wtBTy blower of the above oapacily, iind duplicbtot of ti 

ve been inaiaHed ai other smeltiii^ worlca. TJj€ force nxjuind 

drive Huch a hu^ lilower m ^uoriiiuUh^ bt!ing tiomrlhirij^ llk^^ 

li.p^, Ahich iimke« it ttUviaublr ti> provide each blower with 

a dircelly coiniccU^d compound oondcnaing engine. 

In view of the favor wrlh which cylindrical bloninji cnjrincft 
drivjii;^ Icud blaai funrnci* uro held by many of the IcMdin^ 
lead-iim«<liiFi)^ enRinttvn, and the likolihiKid that Ihay will coaw 
itinrc; ami m<>rc irit<j use, it will l>e inUrrTtitinK U* tthsprvn whot.hpr 
Ihc lead ntndlcm will take another sX^p in the trnrk* of ihc iron 
^naeltcrti nnd adopt the (irc^uhir form of blant furnace that id 
employed for the reduction of iron oro, Thf limit of bit* for 
rxwlan^nlivr fumjices iippciirv Ut havo Ixvn rc:n'hnd in those of 
42 X I4i'i in-, ikf .ippro^iiTiatHy thow dimoTwinn^, \ fiimare nf 
06 X 1G0 in., which wiw built acvcxal >ean» ago at Ihc Globe 
plant at Denver, proved a failnre. H. V- Croll at that time 
advocated the buildinEof n circular fwrnaei* iastthad of Ihc reol- 
angular ftimnrr tjf those exctsaive dimensions nnd conAidcrr^ 
that the experience witli the latter demonstratefl t.hoir imprwr- 
ticablltty. In the Eaginrcring and Mining Journal of May 2fi, 
IB98. he stated that there was no good reason, however, why a 
furaaec oif 3Q0 to 500 ions daily capacity could not be run ftuc- 
oeBsfuDy^ but considered that the round furnace waa the only 
form pennitfAiljIe. We are unaware whether Mr, Cmll wn^ the 
firat to a^lviHiate the uae of large circular furnacce for lead smelt- 
ing, but at all events there arc other experienced metallui^i^a 
who now a^^ree with him, and the time iM, porbap*^ not far distant 
beo they may be adopted. 



SOTAST nowEBs vsu KinrnK 

Bt J. Pamke Cha-VOXG 

In the iflBUCB of the ^nfrtnornif oW Jfrftvuf J«amiC for 
April ]3th and 27th reference wu nude to the fd&thre rf i ri c fj 
of iriston-blowiiig eogines and rotary bkmcfs of the ""p*^ 
type, and in these articles Augtut Raht was quoted aa aaying that, 
vrith an ordinary rotary blower working againat 10 lb. laiiiiiiii. 
the loM waa 100 per cent. 1 have waited acme time with the 
idea that some of the blower people would <:^ attenthoa to the 
concealed fallacy in the statement quoted, but so far have Caikd 
to notice any reference to the matter. I fed quite sure that 
Mr. Bretherton failed to quote Hr, Raht in fuIL Hw one factor 
mianng in this statement is the speed at which the blower was 
run when the Iqhh wa>i 100 per cent. 

The accepted method of teeting the voluinetric efficiency of 
rotary blower* is that of "closed discharge." The dischaige 
opening of the blower is cloeed, a pressure gage is connected 
with the closed delivery pipe, and the blower is gradually speeded 
up until the gaf^e r^istera the required pressure. The numb^ 
of revolutions which the blower makes while holding that prea^ 
sure, multiplied by the cubic feet per revolution, will give the 
total slip of that particular blower at that particular pressure. 
Experience has shown that, within the practical limits of speed at 
which a blower is run, the slip is a function of the pressure and 
has nothing to do with the speed- If, therefore, it were found 
that the particular blower referred to by Mr. Raht were obliged 
to be revolved at the rate of 30 r,p,m. in order to maintain a 
constant pressure of 10 lb. with a closed discharge, and if the 
blower were afteru^ard put in practical service, delivering air, 
and were run at a speed of 160 r.p.m., it would then follow that 
its delivery of air would amount to: 150 - 30 - 120. Its volu- 
nwtric efficiency would be 120 ^ 150 = 80 per cent. The above 
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mtist n<>t be relimi ujiqh^ H6 I give thern dimply hy way 
cf illustration- 

About a year &gn I h^d ttu? pLcwiure of cxaminioi: the tJibu- 
Lfttcd rcaulte of oomc c^xtcnni^^ cxpcrirnctitji in thm dinerCion, 
nuidd by one of th« blower com[»Lnic«, I believer tho)' carried 
Ibdr eocpenmecbi up to to lb p^v»(un^ and I rvgnH cTuit. T hn\'e 
not the fi^tiv before mc, no thiit I ccmltl ^ivi^ Minicthir^ <lr5nile 
I do, however, remember thftt in the cxponnfcntAl bloircr, when 
ninning at about l&O rp.m., the volumetric cificicncy at 2 lb. 
prtttiUTQ wn£ About 8b por ccul,, And thFkt at 3 lb. praeurc tho 
,Yoiiimetric elUciCDcy was about SI per cent. 

It la unneeesaary in tliia eomieclSon lo call aLtention to the 
iOTS&*pow«r eCicieocy of rotary l>lii«fT>. Tiild is a matter entirely 
by itftdf, and there b conaider^blt; difference of oputiuii ataoag 
cnfinoera ae to tho relative hotec-power efhoicooy ot rotary 
blowctfi and platon blowen. All agree that tliere ia a cortalit 
preaame at wliich the efBt-ieni-'y ot tJit blower betouitB lua than 
t\\c t^fTtciency nf tht^ blowing engine- This I have heard phii-et] 
all the way Trom 2 Ih, up to G Lb. 

At th(7 am^'ltiriK plant of the Tcnnceeec Copper Company we 
vc btdy installed blaBt-fumace piston -bio winic cnKinc«; the 
vt«ain cylioden art of the CorlisB type and axe 13 and 34 in. by 
42 tn.; tho blowing cylindprs are two in mimher, PA^h 57 x42 in.; 
the air v&lvee are all Corliae in type- These bloHing cu^ince are 
dev^DCd to operate at a maximum air prcflsure of 2} lb. par 
square inch. 

At the Sanu Fe Gold and Copper Mining Compauye smeller 
we have r^ently installed a No. 8 blower directly eoupled to a 
4 X 32-iji. CuHiss engme. This blov-er hoe been in uae about 
five montlia and is giving very giMx] reenlta against the compara- 
tively low preasurc of 12 oa., or 3 lb. 

During the coming summer it is tny intention to mako earcful 
etrio and hnnHvpoww to«t« on th«ee two types of muehinea 
similar eundiilcinn nf air pressure, and to puhlivh tlie 
reaulta; but in the meantime T wish to correct the error lliat a 
rotary blower of the impeller type is not a practicable machine 
At preaauro over & lb. 
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^ -t-O SLOWING EVGDIBS FOR Tg.in ^^ 
:OPPER SMELTUTG 

T HiRAU W. HlXON 
julrSD. I»]' 

^ .^ Mining J.-^-^-^^i^ for Jujr ^r^ ; -.-^ 
.i.tr smell ".j: *-h." ^,sh Ui Hii.-* ■^■, 
-j-'.KH in !inv t/]',- .1 , i^itft-fum-^:-. r -£ 

.^ -hese lintt* :::e r^/:; induFrr: i^ 

..,. L' -o 100 ft. ii." 'jti.'-'v :hc full -^iric- 
,e -'iri)on nioi-LV\dc? v- the ore. 
■(£1 we have v-b^z .s k::own as p^tt;-: 
^-v burden poverv..^ :J::o jrrade of ::r 
.. 'xtent that if a i"L:irj:e run «/:. 
. ..^ tuyere-s. t^rxHiuoitii: 40 per ce^- 
- ■- warden of 10 or I:* ft., the gr^ir 
«.* per oeru. to pn'^Mbly less ti.^:. 
» .fi» 4 fact iwnw riwitr experience ::; 
»5->rt>aste^l onv* under the condi- 
ff lAH-e st:fcit\l. 

-- ».'oat pyritiv- sTt^olrin^ :ia advo- 

,<^<t^;ents, and srill ^vntimie to W 

. > - Ainie of my oi»-\vi>rkers in this 

.^ ^:a Mr. NutiitiiT of JJinghnm. 

.-"JT condii.^ion. to which some 

sn^elting ttiihout fuel, or wirh 

'ijiSt. is pniriindly impossible; 

^ .■hai:ge bimieii to avoid the 

-■■^rvide, tliereby seeurinp oxid;i- 

. ^«ihle and pmetit^jible, under 

,-wTC* portion of the sulphur h 

_ -iviueing action, goes into tlip 
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dag in combination with eilicft. These results can be obtained 
with cold blast. 

A blowing engine would certainly be much out of place for 
operating copper-matting furnaces nm with the evident intention 
d oxidizing sulphur and iron and securing as high a grade of 
matte as possible, for the reason that to do this it is necesaaiy 
to run a low charge burden, and with a low charge burden s 
high pressure of blast cannot be maintained. With a 4- to 6-ft. 
charge burden the blast pressure at Victoria Mines at present eb 
3 Ofi-T produced by a No, G Green blower run at 120 r.p-m.j and 
a blowing engine, delivering the same amount of air, would cer- 
t^nly not give more pressure. Under the conditions which we 
have, a fan would be more effective than a pressure blower, and 
a blowing engine entirely out of the question as far as economy is 
concerned. 

I installed blowing engines at the East Helena for lead smelting 
where the charge burden was 21 ft- and the blast pressure at 
timea went up as high as 48 oz. Under these conditions the 
blowing engines gave satisfaction, but I am of the opinion that 
the same amount of blast could have been obtained under that 
pressure with lees horse-power by the beet type of rotary blower- 
I do not believe that the field of the blowing engine properly 
exists below 5 lb., and if this pressure cannot be obtained by 
charge-burden conditions, their installation is a mistake. 

I wish to add the very evident fact that varying the grade 
of the matte by feeding the furnace at different bights varies 
the slag composition as to its silica and iron contents and makea 
the feeder the real metallurgist. The reducing action in the 
furnace is effected almost entirely by the gases, and when these 
are allowed to go to wastCj reduction ceases. 



BLOwmG Eirnnres akd rotarv blowkrs — hot 

BLAST FOR PYRITIC SMELTUIG 
Bt S. K. HiLtrrticitTOM 

I have jUMt nmd m the Kr^gint^erirvj and Afim'ntf Journal of 
July 20th rh interoBliitg letter vtrritteii by Hiriiai W. nUan in 
rcitiird to blowing CBginoa vcnius the rctiuy blovren. And obo 
the lue of cold biaai for pyrltit^ smoltinic. 

The conirov-«tvy, vrhkb I imintentionftUy alATted in my l«ct«r 
ID tlie En^nftriny tm4 Mining Joumai i*f April I3tti tuia, atwui 
the advaiitiigcn af iiaiox cUhrr blowrm or lilowinR C^inm fnr 
bliuit farD&c«s. doca tiot puticularly wtcnpt me, with the GXc«p- 
tioD thttt I hftvo about dooidcd, m my own mind, to u«c btowkijt; 
tfftX'n^ wh^ra there ui much back pircMiure, atid the (»rdimiry 
up-liwliLiL* blciwpr for pyritie (ir m>i.tte ftnu*ltmg whrrx* mtieh bftclc 
|UTi»ure shm^d citit mist. I fully appnTCJ&t« tho FiicL th&t «>- 
c<Jiod pyritic amdtuig c&u be doin; to & limited eitwitt even 
with cold bIftaU Thcoiv^ticftllv, cnougb oxygon can be aent into 
lb» blAst fumju^c, eont&iii«d in tho cold blut, to oxidiw boUi 
tb« fuel imd the Htilphitr in an ordiriftr}* sulphide charge, but 1 
Ww nnt yet lr&rn<^ whcrr n hi^b cortceuir&liou i« bein^ made 
ttUh UATOftstcd ore and cold blasL. I cxpediDefiled ou iheae 
bikW ftt dilTorent timcci For throe years, duriog 1806, 1897, mad 
IS9S, oukinjt n fiiir uur cent ratio a vith refractcry oroa, most ol 
^fekkh hiid U«n rou^UHl. I wrji mj'celF inter^eted in tbe 
ukl u anxiow« a^i luiy one fcir eeonoiiiy. We Lried^ fur fud' 
ite bbal funka£€, coke alone, coke nud lignite uoal, ltguit4? cofti 
^MMt ti^iUM ooftl and dry v<xKi» eoal and grwu vtxid, and tlieo 
ygto umI greeo wood, ilU under different iiigbta of on bunten 

A i«H.'rlp4ioD of these eTperimenlfi would, no doubt, be Ure- 
4HUi» u> yiftu readers, but I wieb w »1att tfiat Hih funuvce tatsi 
4vMw uj^ ae^^ervl limee on ftccouut of uaine too Uttle fuel, wbca 
t^ vvtd bbkit would gradually drive ncttrly idl the heat to tbe 
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top uf lli« furnttce, iht crucible ftnd b^Lweon th« (uy«rM booomiog 
«o b*illy cruHtcd tbit the furruiL^e Imd In be clniiw) out And 
Mown in h^juu, uTilt?» 1 vn» mllnl in Umo Uj mw il by [^hiin^ng 
the cfaaTfcc and mcrmniEig thts fuel- Wc were m&kiDg bigh-iEiiulc 
niAtte under contract, hifcb conccntr&tioc ftod »iial] cnatto fall, 
which would, no doubt, A^ravntc mBtt<irs, 

Aftor the inlroduption nf hot blMt, hvnied up to bptwwn 
200 and 300 d*g, F., ver- made the wme grade of rnatt« from U»o 
s&me character of orej wtlh the exception that we Iheii soidled 
without roasting* and reduced the percentage of fuel consump- 
tioQ, increaMd tbe ci^pacity of the furnaco, and ^Imoflt entirely 
obmt«d Ihd trouble of cold crucibles and hot tops, t wril« the 
above fart», as they »^peak for themaelves, 

1 nearly a^rDe vrJth Mr Hlxoti, aud dit not tliiiii it practical 
to smelt with much leu than 5 per eeutn coke continuously; but 
then 18 A great saving between the amounl of coke ui^ with 4 
moderately heated bUat and cold blast. Rt^ardlese of eiiher 
hot or eold blast, however, the fuel consumption depends very 
much uti the eliaracter uf tlie ure to bi^ ti£tie1tt?d. tiitf ^iiuuuiiL of 
nuktte-fall ajid grade of malte made. It id uol ^Inayj* advisable 
or neccesary to uae hot blast for a ruUtinff furnace; thut is, where 
the eupply of sulphur is Umited. It niay tb«ii be necessary to 
use as much fuel in the Wu&l funmee to prevent tbe sulphur 
from oxidi^itii; aa will be auftli'ieut tci funtinh Ihehe-nt fur xmclttng^ 
Budi coudltioiui exiatcd at Silver City, N. M,, at tctiKv. after our 
ourplus trupply of iron and ^inc sulphide concentrates* wart usod. 
1 underetand that they are now short of aulphur there, on aecount 
of jotting a surpluH amount of oxidised coppctr ore, and are o[dy 
vtili/iiig what UtUe li4Mit the elng g!v(» thciiir without the addition 
of any fuel 011 lop of tlii? forchpjuth- 

Ucforc closing tliia, which 1 intended to have been brief, I 
rish to call your attention to a little experience wc had with 
aluTTimu in the HmUing furnace at Silverton, Coh, whore 1 wa* 
uctirif^ i%jt ctinHuhing mi?t-Hllurgi8tT The ore WO had to sniolt 
oontained, on an avrrrsge. about 20 per cent. AI^O^, 30 per cent. 
1S1O3, with 18 per ccnL Fc in the fonu of au iron pyritc, and no 
other iron ww) available except some iron sulphide concentrator 
corLtftining & small percentii^ of j^ino and lead. 

The quedion naturally urost*, eculd we oxldlie and forec 
«uflicie[it of the iron btu the altk^^ and where uliould we iAaaa 
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the fllumina, as a base or an acid? My experience in lead smelting 
led me to believe ibat A),Oj couJd only be classed b£ an acid in 
the ordinur^ lead furnace, and that it svould be iti^elois tt\ class 
it otherwise la a shallow matting furnace; and E, W> WaJta-, 
the auperinteDdent and motallurgiBt in charge, agreed with me. 
We then decided to make a bieilicate slag^ classing the alumina 
as Bilica, and we obtained fairly satisfactory results. The slag 
made was very clean, but treaiihemus, which was attributed Ui 
two r&aaona: First, that it required more heat to keep the alumina 
alag liquid enough to flow than it does a nearly straight ailicu 
stag; and, second, that we were running so close to the formula 
of a bisilicate and alummate slag (about 31^ per cent. $iO|T 
27 per cent. Fe. 20 per tent. CaO, an<l 18 per cent, AI^Oj, or 
491 P^ cent, acid) that a few chai^ea thrown into the furnace 
contwaing more silica or alumina than usual would thicken the 
BlAg 80 that it would then require eome extra coke and Hux to 
save the furnace. At timee the combined SiO, and Al^Oi did 
reach 55 and 56 per cent, in the alag, which did not freen up 
the furnace, but caused ue trouble. 
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THE REFINING OF I£AD BUUION^ 

By F, L. PlDDINGTON 

(Oet4ibar 3, 1«03) 

In preflenting this account of the Parkes proceee of deeilver^ 
inng and refining lead bullion no originality is claimed, but I 
hope that a description of the process as carried out at the worics 
of the Smelting Company of Australia may be of aervice. 

Introdudory. — The Parkes process may be conveniently 
Bummarized as follows: 

L Softening of the base bullion to remove copper, antimony, 
etc. 

2- Removal of precious metals from the softened bullion by 
means of zinc. 

3- Refining the desilverized lead. 

4- liquation of gold and silver crusts obtained from operation 
No. 2, 

5- Retorting the liquated alloy to drive off zinc. 
6. Concentrating and refining bullion from No. 5. 
Softening. — This is done in reverberatory furnaces. In large 

works two furnaces are used, copper, antimony, and arsenic being 
removed in the first aud antimony in the second. The size of 
the furnaces is naturally governed by the quantity to be treated. 
In these works (refining about 200 tons weekly) a double set of 
l&'ton furnaces were at work. The sides and ends of theee 
furnaces are protected by a jacket with a 2-in. water space, the 
jacket extending some 3 in. above the charge level and 6 in. to 
9 in. below it. The furnace is built into a wrought-iron pan, 
and if the brickwork is well laid into the pan there need be no 
fear of lead breaking through below the jacket. 

The bars of bullion (containing, as a rule, 2 to 3 per cent, of 
impurities) are placed in the furnace carefully, to avoid injuring 
the hearth, and melted down slowly. The copper dross separates 

' Abstract from the Jountal of tbs Ohemio&l, Met&Uurgical and Mining 
Society of South Africa, May, 1903, 
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out and float* on top of the vliarf:<f, which » stirnd btqucttly 
to dtpon^ Tn^h >4uKiu?i>3- If (h» furoHrn m ovniiAtod Mnn 
drofw i!4 mrlli^) inl.» Lhc Ir-ui) Mgaiti ami aIII niit jwfmnile nut 
until the ehnrjcc in ooaW back. Howevo" carefully the wodt ii 
done aomc oopprr mruiine wttli the Icud, and it^ cfTccU ut U 
bo aoon in Iho lutrr vt&f^^ The drot^t u xkimmed laio a tkf 
pot with II hoU^ bnnwl In il aajxt^ 4 In. from the bottom; any Irad 
drain^ fmiri thr; pot i:i n^1.urn<<<l In thir ^rhnrgr. The copper 
drou is either ecnt bock to the bloat fumocc direct or ma; b« 
Aral liquated. By the latter method dotnc 30 per cent- of tW 
lead contontM of the drom U reeovercct in the rofinory, 

Ba«4 bullion mnde nt a c^ustomer'a amelt^r will oftCQ vary 
gwtarly in rampcisition, and xl is, therefore, difTii^iilt to giv« aaj 
hard and foat figures »s to percentage of mctAla in the droff* 
Aa a rule our dro99 showed 65 to 70 per cent, lead, copper 2 to 
per pent- (avcm^o 4 per cent.), ffold und nilvcr valuoa varyinjc 
with the grHdo of the onginul hullion, thuu^ It wu difficult to 
det^t any Hi^finite rel&tiun hrl,wrH?n bullion and droMS. IC waiv 
hot^ever* rkoticed that gold and oilvcr valuee tncrcaaed with tbo 
l>ercciitfl£e of copper 

Immediately the copper droes la skimmed off the beat is 
ral«cd oonsiderably, and very booh a tin {and arsenic, if praarnt) 
aktmnilrig appears. It h quite "dry" and may be removed in 

hour tir 8o. It ia a vury ^mhll akimmtng, and the tJn, not 
worth aaving, la put wiLh the copper droaa. 

The tenLperature ia now ruieed af:ain and antimony aooo 
shows in black. boiliTij;, oily drops, gathering in time into a sheet 
eoveniig the surface of the lead. When the aUmmlng U iU»ut 
J-'inch thick, sUkttl liitie, aahcs, or Gne t-oal ui thn>wu «n and 
atirred in. The droM soon thickens up and may be akimnied 
off cosily. Thia operation ia repeated until aLI antimony a dim' 
inatcd. Constant atirrinf!: of the ehaiKe l8 nMeesary. The 
addition of litharge greatly fnoilltEitefl the removal of antimony; 
cither Hteam or air may be blown on the siirfnt^e uf the niet^d lu 
hasten oxiilation, though they have anytliirtg but a beneficial 
effect oin the furnace Lining- From lime f-o timt aamplca of tbe 
drosa are taken in a email ladle, and uftLT setting hard the aanipAe 
is broken in two, A bUek vitreous appearance Indicatea plenty of 
antimony yet in the tharge, Larer samples will lotik leas bhwrk. 
unUl fio&lly a, few yellowiah alreaka are noon, being the fiiiL 
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sppebADC6 of lith&rec. When all anttniony is out the frsLCturo 
of ft 0ftmple fihould be f\\iilfj yollow »nd tho ^min of the litharge 
loDK, a Bhorl grain in'lii'Mting impimtics *fi]| pr^ie^nt, in which 
cjuii uiioth^T ^WimiTiing w ncv-nuiiry. Th(> iirmlyfiifi of A r^reMQ- 
tatlve sample of antimoay dron wa4 as follcws; 




FbO-TSU percent. 



CAO-MOporoont 
Po^j- 0,-1-2 ■' '' 

ln»l.-4 W '• *' 



Antimony dmm is imuAWy kept sepiinLtt; und wntlind up fmm 
to time, yieldtog hard antimoni^Ll Lead, uetcd for type mcUlt 

JD^stJvm>ali<?n. — The flnftening boLu^ complfrtcd the charge 
tapped and run t,g a ketT.lt or pun of Cfuit inin or ttinA, hdding, 
when convfnienUy fnil, m*me 12 or IH Unw. Thp Icail filing 
iDto the k^tlc ionxm » conaidcrnbic amount of droAs, which is 
akilluDcd o(T &nd returned to the 5nftenin^ furnace. By cooling 
doWD thd chiu^c until it nearly "freeio-ti'^ an additional copper 
skimming is obtaincti, which also is retun^ed to the aoftener. The 
keLlle Ib now invilrd up to the mrltliig point of ninr. iimi the 
siuc charge, detemdued by the gold and aliver contcnta of the 
kettle^ 15 added and oicltod. Tlte charge lb stirred, cither by 
bondorfileam, for about an hour, after which the kettle is allowed 
to cool down for some three hours and the first sine crv^ tatken 
olT. When the charge Is sklmrrW clean a 4a[nple of the bullion 
b taken for aaaay, and wLiile Ihia ia l>eiiig done the kettle is heated 
again for the second zinc chai^, wbloh is worked m the same 
way 08 the firet; Bometimee a third addition of zinc ia necessary. 
The r«flUltlDg crufits are kept ^porute, the ^eeond and thn^d being 
added to the next charge as "retume/' allowing 3 !b. of tine lu 
returnft n& eijual tii 1 lb. of fresh tine. An ultermitivp method 
14 to lake out gold and silver in separate cruste, in which caae 
the quantity of «inc firt^ added \b rnleulated on the gold eentontd 
of ttie kettle only. The method of working i** the same, though 
HUbaequent Lreaimont may differ in that the gold vrunih are 
cupeled direct. 

^AB to the quantity of zinc required: 
1. tixtracting the gold with M little eilvor a£ possible, the 
following figures were obtained: 
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1 lb. nnfi ukM mA 1.00 Mv 
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2. Silver linlcinic g^vt tbe following gcoeml j«euho wU 
ll-ton^liarRCB: 



T^.b] Sdvor— 

In hpiilD I,4fi0 oa. 

'• '• .., 1,200 ■' 

■■ " !.'.".,".-'.'»"•" 1« " 

" - ^ A]« ■' 

" * 460 ■* 



1 lb. dnc Uktt out 5J1 OB- 
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3. P^xtTiLCtiitfC Kold UD(1 «ilv«r tofccther: 



Ar.Oi. 


Ao-Ol 


Ay-Oa. 


A&Oft 


4M 


3,110 


an 


Ml 


4-13 


IpfiSS 


a94 


2L0i 


a»} 


2,417 


(K4A 


U4 I 


'J04 


t,63S 


(X36 


3^ ■ 


u•^ 


1,330 


r>^ 


1« ^ 


\2^ 


l,.120 


23 


3fi« 



ll will tw nQtic«cl iknt in each rmw the richer the btilLioa tbt 
greatti t.lie r-itnLntivo povkcr of jidv. KxperiKienUf uude oD 
ch&r^M of rich bullion ahovcd thai tbc hki^ amoiml of linc 
called for by th€ table in use was unnooomarv, stud 260 lb. ww 
ftxdd on OS the first nddition of sine. On tliu baM an avoraf^ 
of 237 charges gave results mi follows: 
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Om Uttft 



-4 l^ lac T4Eii On* 
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1,180 



AQT.5 
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Hie tine uBerj was that neremary to clean the ketf.te, acMed 
afifolluwe; lat. 2Mlb.i2d favcrago). I27lb,j9d <avera«e). 57 l!>. 
Id 112 Gudca no third addition was rcquiind. FroDn IbeM figunv 
it appoare that in the coulior work the sine was by ivo neana 
aatnmt^. 



Refitiuig A< Lt^d. — Goid ud 9l-^«r faeivf reiB«v«d. ihe Ip>w1 
i> iqritoned off into the r^niBf isccue lad Tfae Iff made ^- 
I|L about four hoar« the Iml TiH be r«d hnc . Awi -v^^i-t: i«:c 
to bum line, dry steun. dciiwnd bj m £-€3. pqie '**-*^-^g 
to the bottom of tfae kenle, b nu^ed oc T^ ^c^uzv x icinvl 
ftxiin time to time And vood b fed on ^bc t<:c "o i.-t^ if^^i^kicf 
uid prevent tbe f<tfmttUoci d too zineh tr:>:L:z«, [= thrae to 
four hoois tbe lead wiS be «rft ft«d pnAie^y fi«e frca imt- 
When test stripi Aov the kad u> be qose v^ aad Hna, tiie 
ketUe ifl eooled down uid the «rini <tf kad And >zDit <ajdcB Aiained 
off. In an boor or ao tbe kad w3 be cool oimi^ for Ewk&Lg; 
the bttT ■boold have a jcllov hats on the ^ee vhcn Kt ; if th« 
lead ifl too cokl it wiD be white, if too Lm & deep bhie, Tbe 
refining kettke are mbjeeted to wa« iitraic duric^ tlie steamifig 
proceas, and hoiee their Bfe ■ imecrtain — an average wo«tU be 
about 60 chaigea; tbe iinkiiig ketilea, oo Urn other hand, laat 
YOj much longer. Good at«el kettles Of tbey can be obtained) 
are pref sable to cast iroo- 

TrtaimaU o/ Zinc CnuU. — Having diapOMd erf tbe lead, let 
Qfl letuin now to the tint crasta. Tbeee are fint liquated in a 
small reverberatorr furnace, tbe hearth of which is fonned erf a 
east-iron i^te (tbe edges <rf the long aides being tuned up aome 
4 m.) laid od bnwqoe fiHii^, with a fall from bridge to Sue of 
] in. per foot and abo sk>ping from odea to center. The opera- 
tion k ctmducted at a low temperature and the «ha^ b turned 
over at intervak, the liquated lead running out Into a small 
separatd; fired kettle. This lead rarely contains more than a 
few ounces of silver per ton; it is baled into bar«. and retumcti to 
the sinking kettles or worked up in a separate chajf:c. In two 
to three houfs tbe crust is as "dry" as it is advisabU' to mako 
it, and the liquated alloy is raked out over a slanliiig }>orfnrat<Hl 
{date to break it up and goes to the retort bin. 

Rdmiing Uu AUay. — This is carried on in Kal»»r du Vwwv 
tiltbg furnaces — simply a cast-iron box aningiiiff on tninulivht 
and hned with firebrick. Battersea reloHs (rljiMN AWi\ holiliiix 
560 lb. each are used; their average life in uIkim( iti) rltiiriciMt. 
The retorts are chained hotj a small almvd of nml Iw^iiiK wldml 
with the alloy. The condenser is now put in i>1tirt« iukI \\\\w{ im; 
it is made of J-in. iron bent to form a cylinder VI \\\. 1ii dlnmi^t-iir, 
open at one end; it is lined with a mixturt' nf tinin, I'ky and 
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iTi^iiient. It liAA ihr(« ho]eii, i>ne i^n ihe upper is.ide irloae lo ite 
fumiwe mid through v/liich a rod can be pASKd into the rekdl, 
tt venUholo on the upper eidc away from Ihc fuinacc, and a Up- 
hote on the bottom for coii<leii8i?<ci Jtmc. ]a ui hour or ao th( 
flame from the vent-hole should be gre^Hp showmg ih&r difliillutioo 
bnA bvguii. When <-<mdemiatlon cea^en (ahoun bv t)ie flAiiie) ^ 
candetioer U removed aud tlic bullion akinimed and poured bto 
bare for the cupd. The products of rctortiug e,rt bullion, linc, 
sine f)Owd«r and droae. bullion goea to the DUpel^ ainc b uiwd 
Bgaiu b ihe deeilveHEing kett1<!«, powder la sieved to lukt oui 
aarapH uf iiuic urid letumed Ui the bla^t furnace, or It may be, 
tmd eometiinea xa, used zta a precipiialLog agent lu cyanide irarka; 
drooa U dtK«r Hvvt-hl^ duvrn in b cupel t^ilh lead ar^d lithaife, 
lORCthiT witii uutttLdi> material 8uch o^ £im' f^lU alimce from 
cyanide worka, jeweler "a awoep, aiint sweep, etc., or In the aofteo- 
hiK fiiniace nfter the anthriuiiy haa l>een taken off. In eithv 
riusfT l.iie rffiuli.jng *1^k gma UacM to tlic bhu^t fitrnac«- Th<! t^Ud 
weight of alloy treated is approximately 7 F>e-T ccmt. of the original 
brtso bulhon. The »inc recovered id ulout 60 per cent, of thai 
used in dceilvoriEing, The moat important aouxee of temponirv 
loiw la the relfirl dross <consiatinR of I^AiT-a^ini^^oppor alloy with 
rariion, silicn und other impuritits), nnd it is hem thnt the n^ccp^ 
siiy of removing copper in the softening procew ia wen. aDC« any 
copper eomce out with the aino nr^mts and goes on to the retorts, 
whoro it enters the droac, carrying g<jld and silver with it. If 
much eopp&r is prt^^nt the drosi may contain more gold and silwr 
(hnn the rH.oH bullion il-sdf In this i^onti^tinn I rptnpmb^f an 
occaaioD on which some retort droos yielded j£o1d and julver U> 
the extent of over 800 and 3000 oa. per ton rt«pecti%-cly. 

CwpcUation^ - Retort bullion tn ftmt eoncontrfttod (togetbor 
with bulhon rofiiilTing fmm Hrnsw treatmcint) to 50 to 60 per ODt 
gold and silver in n WAti?r-JHrkpted rupeb Tho aidfi tinii^ ia 
protected by an inch water-pipe inibodded In the linir^ at tlie 
litharge level or by a watcr-jackol » the inner fate of which U of 
capper; the trupel has aljio a wnler-jacketr^d breast so that Uia 
front is not mt down. The mpel lining may be enmpoeed of 
limralnnr, cemflnJ^ firrwlay nn^l ma^ceite in various proportion*, 
hut a simple liuiiig of aaiid and cement was faimd quite satis- 
factory. When Hie bullion ia concentrated up to 50 to 60 per 
cont. gold nnd «ilver, it is baled out and tranaforred to the hnialiLng 
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ipcl, where It ismnuptoftbout Q.90& fine; It ja then rc^dy cither 
the melting-pot or parting plnnt. The refirLing t«9tt, by the 
iy, ifl not u-fttcr-ivjoled. 
Re-melting i» ilone in 200-oz. pliimbaga crunNva »ri1 presents 
special refttxires. In the cace of dor6 bullioo Low in gold, 
'sprouting" of ihc silver \^ ^u^nlcd agfiinsl by plj^ebt: a piece 
wood or chareoal on the surface of Ihe meT-al before pouring, 
td any al&g is kept back, The quantity of tlag formed h, of 
^eounie, very Hriiali. m> ihnt the bare do not require much eleaning- 
T>ie |>arLin^ plant vtnA not iii operation b luy time, and I 
am therefore unable to go into detaBs. The proccea arranged 
for waa briefly ^ follows: S*>liition of the dor* bullion in H^SO,; 
orystaUiiation of silver m monoaulphate by dilution and cooling; 
deeom position of sWvtT Hulplmta by ferrous sulphate »>1iitioa 
giving metallic mlvc^r auJ ferrit! Hulphattj. Aliieh la [-edui'ed Lu 
the ferroua salt by contact with acrap iron. The gold and silver 
are waahed thoroughly with hot water and cast into bars, 

in condutjion, ^onie variatJona in practice may be noted. 
The use of two furnarfea in the softening proce«B has already 
Iwwn montioneil, by this tneutis the drossJng and AiifieTiin^ are 
more perfect and subecquenl operations thereby facilihited; 
further, the fumacee, being kept at a more equable temperature, 
are ICHs subjeft to wear and tear. Zinc crusts nre soinetimea 
flkimmnd dtrec( into an alloy press in which the exe^as of lead i« 
fM|uei»Ml nut while etill molten; liquation le then unnece^flaty. 
Refinine of the lead nijiy be eftei:te<[ by & simple scorificatiun in 
a reverbcrat'Ory, the aoft lead being run Uito a kettle from which 
it ie molded into market bars. 



THE ELECTROLmC REFiniHO OF BASE LEAD 

Btnxioif 

Bt TlTIift ViUKK 
|l>naJw L I. I«n/] 

ImpnrtAnt changes in tcA<i -refining; prncticc are bound to 
follow, in my opintoii, th« lHti> flt-monritnUton ort ik large ACtlfc 
of thn low working cost und high trHioicixy nf BotUi' «l«<ftrolytic 
pmmw (tt rrltmng t«ul huHinn. It mw my gcml fnrlunp rf«ccintTy 
ErO 9CC this hifl:h1y inlcresting procca» in operation At TraiJ. Bntal 
(Joltjmbm, thix»nith the kirdncw of the iov-cntor, A. O. Metis, 
And Mnsgi^. Likbarthcf and Alclrid^^, ol tho Tniil vroriu. 

A piftnt of itbout 10 tonw d^Hy papnoHy, crhich pn>bably cwrt 
It $25,000, »1Ui<mgh It. cnnUi hr diiplu-Jitnl fof poriiapn 
tI5»fX)0 at the prwcitt timn, wiw inAtallrd near the Trail emdUng 
workA. It haa been in operation for about tea nKWtlu, I am 
informod. with signal succoesH and the croction of a Ur|!;Gr pUot, 
of approstimntojy 30 tons oapaclly and provided wkh impro\'ed 
bundling raclJities, U now complete. 

Tfie dq»i>Hitiiig'rni»m coiilaJMS 20 tanks, built of viood, Uvied 
with tar, and a ppmx innately of tlie si» of copper-refining taakflr 
ITndemoath the lank-roum Door is a boscnK-nt peronitttog bwpw- 
tjon of the tajik bottoms for poeeibid leakage and ramoval of tlM 
solution and slime. A suction pump Is employed In lifting the 
eli*<:triflyle from the rerelvh^ Lank and nlrculaiing the M^tutlun^ 
In nearly every rwjH^t. the an^ngtment of the plant and Eta 
aqV^pment let strikingly llk^ that of a modem eoppcr refinery. 

ThA greuL au(cv«tH af tlic proc(«e in prmiarUy baaed upon 
Bettfl' dbcover>- of the easy sohibilily of lead bi an acid solutkin 
of lead flu^jsllitnie, whitrh ptwsessps IwLh stalilKty uo6fT dec- 
trolyais and high tundtictivity. and fmrn which i^xcr^pttiinjJly pure 
lead may be deponi1>ed with impure cinod^ at a vtry low coet- 
With sueh a solution, there %& no polariiation from formation of 
lead peroxide on the anode, no evaporation of conatltueQta 
4^Toept water, and no dangtir tn Itx bandlli^. It !■ ebeftply 
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jbulncd by diluting h>tin>fl(Mivir mctd o( ^ prr fpnt, HF, whleh 
ii quoted m New York mt 3c. per pound, wHh an eqUAl voluoie 
of wftter and sUttntin^ it with putvcni«d quurt^ accfn^ins M> 
(b»«quit>oii: 

SiO. + 5HF = H SiF. ^ 2H/), 




ecordinj^ to Mr. Bctta, an acid of 30 to 22 per oent. irtll 
cookc t« about II per <ni. ft.r or to 91^ when Ibo •oJution baa 
b«en standardixod tnth 6 lb. of lead. One por c«cit. of iMd wil 
nmitnlixe <X7 prr c^^i. H^HiF, Tlir p1ixrtrtilyt<« employed at 
tkft time of my innpcctmn of the wiirkn contalnnl. I believe, 
per cent, lead and ] I per coot, exceaa of Auoetlicio acid. 

The anodea oooMt of the load bullion to be refined, coat lalo 
platfs About 2 in. tbick and appro ximatdy of th^ Mmfr sii^ bs 
ordinary two-luggod i-opprr nmKliv. Ht^rtirv^ Wing placed in 
pcwition in the lank^, Ihry a.rr- slrikightrneil by hnmmoni]^ over 
a mold and their lugs squ&rcd. No onodc aocks aro coiplojml 
Off m tbc old Keith prorifSB. 

Th« enthode ebctfts^ whif^h receive tb«f rf^vilar loud d^pooita 
are thui lead pliitcs obtained by eWtrtHiir|Ki£i<iaii i^n and 
stripping from special cathcnJ^ of «bcct jitecL The latter are 
prepared lor use by ctcanlnf;, fia«hiae with copper, lighlly lead- 
plaltng in the tanka, and icrca«in£ with a bensine solution of 
pArat&u» dried on, from which th^ drpoaiiod load i* easily stripped* 

The anodes and cathodes arc wpiirntcd by a spnco of 1^ to 
2 in. in the tank and are electrically connected in multiple, the 
tanks being bi aerica circuit. The Ml in poteittial between 

tanka ta ool/ about 0.2 of a volt, vbioh remarkably low voltage 

Bb dve to the high conducting power of the electrolyte and to eome 
estt^nl to the system of contacts uoed. These contacts are smM 
wells of mercury iu the bus-bam, large enough to aeiroinmodate 
ppcor pUia euldeied to the iron cathodes or clamped to the 
aaodes. Only a aniall amount of mercur>' '^ required. 

Current etrengtha of from 10 to -Jb ampcroa per aq. ft. 
have beea uned. but at Trail 14 amperee h^vc given the most 
salisfat'tr^ry reuults as reKunU economy of wurkinj; and thr 
phyumd afuJ ch«miral pruiiprtiuH of the reOned metal produi^. 

A current of 1 ampere depoeita 3»68 grama of lead fier hour, 

traasport» 3) timee sa much lead, to thb ease, as copper with 

osdlnnry copper^rafibhig solution, A Utile over 1000 kg., or 
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2240 lb., n^qulm nbout 260,000 ampere liours. At 10 jLtupcfv 
pr.r *i\- ti. ifm r-jilhrxin (cir iinijde) area A]u>idi) ha nbuuL 1060 
flq. ft. prr ton rf <\tu{y output. T&kin^ a layer of dc^roljl* 
].& in. thick, 135 c\L i%, ^ill be found to be the ammjnl between 
ttio cloctrcxi<!*, umi 175 cu. (t. may be taken a« tbe total quantity 
of Kolutiim tiecfssjiry, aetoriliiig to Mr. ReMa' iwtimattt. Tht 
iuwnUK stHUs ttijti. ht^ Iiiui uurki^l coaUoLiutiAly ami .■umtst^ful]^ 
with n drop oF potential of only 0.175 volt per tanl:. and lb«; 
therM<>Tr 0.25 volt fihoutd lie aii ample atlnvanec in n^c^iUr 
relining. Quntin^ Mr. Heits: "260,000 ampere houm al IL'J5 
vtvli wnrks out tn 87 elcctriL'ul h,p- liourc nf 100 h.p. boun it 
ihv engine sbafi, in miind numbers. Eatiinatin|£ that I kp. 
hour requires the burning of 1.5 lb, of toiU, and allovittg §aj 
W lb. for rusting the finodcfl and ndinod Icnd^ each ton of load 
refined rcctuircE the burnin^c '^f 210 lb- of fuel." With coal at 
$6 per ton ih<i lotal ammint of fiiol ronMuniKlj tharvfotOj ibould 
not r.ml nver 60c., whi^li i« far below the co»t of fire-reBntng 
base lead bullion, a« wc know. 

In the Bctt« cicctmlytie proccaSi practically alt Ibc Impuntiti 
in the ba«c bulUtin remain as a more or Ims adhamt ooatiog 
on the anodp, and only the s^inc, iron, cobalt and nickd pr««ent 
^o into solution. The anode residue eonHi«ta prsrtically of all 
the copper, aatimony, bUmuth, arvenic, ^ver and ^Id ccn- 
tiuncd in the bullion, and sxry nearly 10 per cent, of tba weight 
in l«iad. Having the analysis of any bullJODp it is eo^ to calcu- 
late with thrae data the rompo«Jlion of tbe anode roMue and 
the rate of pollution of the elect rolyle. Allowing |75 eu. ft of 
electrolyte per ton of daiiy output, it will be found that In ttw 
course of a year theM impuritioa will faave act^timuJated to tbe 
extent of a very few per cent. Estimating that the eJectrolyle 
will have to be purified onee a year, Ihe amount to be purified 
daily ia leea than I cu. ft. for aaeli ton of output. The anaouni 
of lead not unmediatdy recovered m pure form b about 0.3 per 
cent., moet ol which is finally recovered. As eoinpared wjtb ibe 
ordinary lire-refined lead, the electrolytioally reOoed lead la mueh 
purer and oontah&a only mere traeea of btfimntb, when btflDUthy 
i>a£« bultioii b tieaiAxi. Furl hem it >re. the prveeuL Iom of sflver 
In file reEnug. amounting, it b claimed^ to about H per teat, of 
the n>ver pree«nt, and covered by tbe ordtnaiy lues in aaaay, i« to 
a large eirtait avoided, aa tbe eJver in tJie electrol>tie peoeenk 
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iDcentrAted in the anode residue wilh a rcry small loaa. und 
loss oi silver in refining; the sUtdm m much lo^ than in tre^ilitii; 
line rnisu and rofining tb^ silvn' r^sldu^ after distillaljon. 
le allver silrtes nblained at Trail, averaging alxim 8000 ox. oi 
ltd «iid fiJKTr yex tou. are iiutv treated aL the ^attb 8mdtinK 
Refuiing Worka. There iho slmice are boiled with conrcn- 
sulphuric ^(^id and etoam, ^llowbi; frtK? acuosa of air, 
tch remcvfs tbc greater part of the copper. The wujihed 
tUloe ia Chen dried in pans over steam coile, and melted down 
& niHf^niBia brick-lined rc^firbeniU)ry. pmvidwl mi\i Uii^t 
:r«a, and reEiJicd- In thm reverb«ralory funmce the renminder 
the copper left in the alimea after UtiUn^ la removed by the 
Idition of niter aa a ^mx, and the attimony with fioda, Tha 
dortf bara finally obtained are parted In the usual way with 
itulpburic Acidj luukiiig nilvt^r 0.999 Qug tiiid ^Id bum at liMUft 
a992 Gtie. 

Mr. Betta trented 200(1 grains of bullion, annlyi&inff 987G p^r 
ocnl. Pb, a50 Ag, 0,31 Cu, and 0,43 Sb with a ".■orrtint of 25 
amp. per square foot m un c^pennierLtal way, and obtained 
p^Hl^[^ts nf ihe foU<*wiMg I'ompaailiuo: 

llvfiued Lead; 99,9971 per cent. Pb, 0.0003 Ag, 0.0007 Cu, 
and 0.0019 Sb. 

Anode Residue: 9.0 per cent, Pb, 36.1 A*;, 25.1 Cu, and 3.95 Sb, 
Four hundred and f fty pounds of bullion from tho Compania 
Het^urgica MeixtDanu, unalysing 0.7ft pi^r mnt. Cu, U22 Hi, 
0-94 Aa, 0.58 Sh, and u»yiyhig -1^8.0 ob, ;Vg and IJI oE. Au per 
ton, vcre refined with a rurrent of ID nmp. per nquarc foot, and 
gfive a reGned lead of tho following nnalynie: 0.00027 per cent. 
Cu, O.0O37 Bi, 00U25 A«, Sb> OUOJO Ag, 0,0022 Fd, 0.001 d 
Zn and Pb (by differennej 099861 per cent. 

A1thn\]gh (he present method for reeovering Ihe previous 
metala and by-products from the anode residue leavce much 
room lor improvement, the uae of the Betta procoes may bo 
rocommended to our lead rofiriGrflr becauac it ia a more eoonomical 
ood efficient method than the fire-rcftnlng prooeaa now in eommon 
use. 1 will state my beliefn In conclusinn, that the present devel- 
opment of elrtctrdytit^ Iniwl rpfinm^ Kipnali/i's jvi p;ri-al an Eithant'e 
over tine deflilvtrixEition and the fire methods of refining lead aa 
dootrolytic eopper reJininjc docii over the old Woliih method of 
refining that metal. 
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A aoliitioa of 1c»d fliio«iicft;«, coDUmiog an exetm ol flDi> 
silicio ACid, haa bwo found to work \^ry «&tisfaoto«iJy tt an 
MaetTolyte for re&ntDg lead- It conducts the curreot vdl» 
aaatly handled nnd Hl.nred, noo-volatile and stable undo' dee* 
troljrsis, may he nude to cCBtlUn a considerable amount of difr- 
odved lead, and b easily prepared from inexpcaksve malcnab. 
U posBenes, bovever, in cominon with other lead deetiolyUi, 
the defect of yielding a deposit of lead lacking in aolkUty, vhkh 
grov8 in cryflt^lliDe brandtw lonard ll» anodes, cauAJn^ ^hort 
circuita. But if n reducing actiou (praclicallj aecaciipluhisl bj 
tbe otidltion of gelatine or glue) be given to tbo aolution, a per- 
fooUy aolid and dense dq>oeit \a obtained, having very ncariy 
the same structure a« electrolytJeally de^oeited eopper. and a 
apeeifle gravity rf about 1 1.36, wKich U ihat ot east lead, 

IvtuuJ fluiMilicatf! inay be cr/nlaltuad m vrsy wJuhlft hriU 
tiant cryniah, ttfembling thom of lead nitrate and containinf 
four molevulee of water of crj'atallii^lum, with tbc formul* 
i'bSiP„4HjO. Ihifi ault dbaolvea at 15 aog. C. in 28 por ooRt. 
of ita weight of urater. making a ayrttpy «tluiii>n nf 2,38 ap. gr. 
Hr»fltra1 lu 60 d<!g. C, It iiidta in iln wntrr tjf cfyst»tiTUilinn, A 
oeutml wiTuiirjD of le^^d fluo:tiIii^te t» pnrtiidly decompoacd on 
boating, with the formaliou of bikiio inaotuble nail and free 
nuecUieie acid, which keepa the r«ai of the tnJi In Aolvtion. Thii 
tkeompottltbn endH when the miluiiim contatnK p^hap* 2 pm 
ecot. of trt%i auid: aud Lbe auluLiun rrmy thrr \m evaporatad 
wjtboub fxirther deci^nipoeitiin:. The nolutiowf denr€d for re- 
liibv Mv ^**^ liuble to this deeompoiLtion, titneo ibey contain 
ohucb njtore titan 2 per cent, of freo acid. Tha eloelriea] con- 
duelivity depends innhily an the a'*ldity of the sohitton. 

Ut flnt ej(penmT'iLl-*< wi-n* i^iirrii*d out without the addition 

^Atanal «l a p«fMir m Traf%9a<ti^n4 Amoricaa lootitute <d MiMinft 
XXXIV C1KW)* p. IM 
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gelatine Ic tho HuoaiUcate fiotutictn. The lead dc9>o«lt con- 

of inon or 1«i« Kcparute cry»ul« thnt grow Uward th« 

saod^p And, RnftUy, cMispd short cirvuiU- The itvthridcv, which 

were aheeUiron plntea, l^d^pluted and parnflirK^l, hiu] to be 

moved periodicAlIy Trom the Unks And pnB^ through roUa, 

pack dowD the lead. When g^l&line Ha^ Uccn Added in small 
<)UlL&titi»> the density of tht^ leud u< groutor than can b« produeod 
by rollicg the erystailitM- il(^p«*it, unlim groat prt'suiirc i* umhI 

The C&nadiAn SciwUing W^rk^. Tnul, B. C, Ivkvc insullcd ft 

aery, m&kuig uac of thm procew- There arc 28 rcfluiD^-l&Qka, 

b S6 in. loOjg, 30 in. wide and 12 in^ deep. And caeh roccivin^ 
33 ftD0Cl«8 of laad bullion with nn ar^ii of 26 by 33 id. ejEpo««d to 
the dleetroLyt« on «fLch side, nnd 2^ cnthod^ of «ho«t lead, about 
JL Ix thick, prepared by ilc|>4»J(itinTi en lead-plnted and pzkrafHned 
iroo ejtUiudea^ The cathodes arc sufpondcd from 0,& by 1 m. 
DOpper btLTs, roatiui: crosawisc on the sides of the tanka. The 
oxpericaeot baa been thoroughly tried of ^ain^ iron sheets to 
raoeivt a deposit tTli(^ke^ than ^^^ in,; that U. suitabl? for direct 
OKltlng withi»ut the necessity of mcrpafliog \ii weight by further 
depottitJon ma an independent iraLhode: but the iron abeele ve 
expensive, and are sbuly pitted by the faction of the acid aolu- 
on: and the lead dcpoeita thua obtained are much leee emooth 
And pure than those on lead sheets. 

The simiothnewi und ihe purity uf the deposiie^l lead are 

rtiniib.1- Most of the impurity set;ina to Xm introducod 

haricalty through the attachment of floating particles of 

aJimo If) irrq;uianticd on the catho<lr«. Tlic effect of mughncee 

cuDiuliitive; it is often oh«ervod that particles of slimo attract 

undue amount of current, rt^Multing in the lurnpu seen in the 
aihiKlc^. Snmphw tuki-n nl l}w nam« i\mi- Hhtiwnl fnini t to 
2.& oj. ailvcr per ton in ron^h pieces froni the iron cathodes, 0.25 
OE. u an nverugc for the lead-«hoct cathodes, and only 0-04 ot, 
in aamjilw wJcrtod for thoir «moothoo«i. The variation in the 
amount of vllvnr (whit-'h k deiprmin^ freciuenfiy) in the itainploai 
of rHhitvl 1»id in iLltriliut^'i] not to the grpatirr or ](v« turbidity 

the electrolyte at different times. tn:t to the employniiGnt of 
new men in the refinery, who require aomc experience before 
they remove eathodea without detaching some stimo irotn tho 
neighboring anode«. 

Farh lank \fi capable of yielding, vith a etirrent of 4000 
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arn^irrrcBi, 7^0 lb- of nrlincd U^iui per day. The vnltA^ roquimd lo 

aiid for chb reason. an<l aLso bccnu^c the losses of ^oluiiou mm 
very hctkvy imtit proper appnrfttus wm put in to w»h tboroiM^lilT 
tho lar^fi voluiTKr of elimo produced <rcHiilU&g in a weftkeaed 
fll««trol>t0* ^^^ ciirrpni mcd has prob&bly ft\*cmi^td about 30CO 
amppn-s. The shiirt rin-iiiiJi were alw* 1jroubl««omp< though thb 
dJtGculty hA£ bcoQ greatly reduced by frequeut infipecUou &ud 
careful pUciD^ of the okctrcidcis. At one time, the eolutioo b 
uso had tlio foDowinfE compoettioQ in grams per 100 c.c.: Pb, 
607; 8b, 00lft>: Fe, U'i4W; .SiF^, ^M, aad As, a tiuce, Tho 
curroDt. pamiDg was 2SiX) amparefi, wlih tm av*cnge of abooi 
0-44 vottfl per tank, mcluJiii^ bufr-bam iiiiU i!0[i1w!t». It is not 
kiiO¥^ what was the lusti i>f elGciDncy on timt dftie. dut to abort 
^cQits; and it is, tbGroforc, impoe^bla to say what reeteancv 
this dectrolyt? conetif uled. 

Hydrtrfluorlf mid of :i£ pc^r cenl., Uftod an a ftlarltng ma(«!rud 
for tilt? prr|iQrali(]n of the electrolyte, in run by gravity thini^h 
a. Bcrieai of ttmVs for conversion into l«ad fluosilimte. In Ibe 
top tank IB a layer of quarts 2 ft. thi«k, in pAMipic thrnu^ch which 
tbo hydruHuunc timi disaolves »ihca, forming fluowlidc acid. 
White ]tjj.d (lead cjiriwinjiti?) in th« Poquirrd quantity 'a lutded tn 
the neit tank^ where it dissolves rvadily and complrtdy with 
efferveecencG. All aulpbuiic acid and any hydrcfluoiic ac>d 
may not have reacted with silica settle out in oombtnntiofi wi 
li'ad us IcAd sulphftto and lead fluoride. I-iOad fluowLlieatc ia o 
of the ni'jat unhibl? of gaits; 80 there is n^vw any danK**r of >t« 
cryvtalli^Ing out al any degree of concent. ration pneviblc undir 
tbia rocthod. The lead solution 19 then filtered and nm by gravity 
into tho refining-tanks. 

Th<t solution originally used at Tnul contained uhout 6 per 
cent. Vh and 15 per cent. SIF^ 

Tlie eleririml resistance in the tanks w&a found to !■" fr^*ti-r 
than had been calculatod for the same solution, plus an alhw- 
ancc for loss of t-oltago in tbe contacts and conduotora. Tliis 
is partly, at tei^l, dtie to the reeistaoee to fr^e tnntiom of cHs 
riprtmlylp, in the neighborhood of th« anode» offen'^l by a layer 
of idime which may be anything ii]> to ) tn. thick. During d 
trolyais, the SiF« ions travel towanj the anod««, and ilic^n- cu 
Iki9 with ktad. The lead and bydrogco ir^wi i& the oppoAl 
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;tion &nd out of the alimc; but thorc tuv oompamtivdy few 
iODB preeent, &a th&t tho tfolutioa in the DGighborbood of 
ft6 AQOdcB must mcrreiuie in ooiicGntrftli^Mi tknd tend to t>eut>ino 
neuiml. THi:« grtv4i«r cunccntr^Lion tnuMV nn «,ni.f. i«f polur* 
lEation to ftct ii^indt t^tie e-m^f. of the dynnmo. Thm ftmountctl 
to about 0.02 volt for enoh tanic- The icrctiter cfTcot cornea from 
the grsator reaJet&Tine of the neutml Molution with which the 
&\\me is aittiTftted- There i^, oonj^ef^ueEitly, an ndvEintiLg^ in 
vorking wilh mther th'm aiuxjrv, whim 1h« btillmn ix impiirv 
I ouMigh t^> Wavc »lime jitickiriK to tho |>Ulej«, A comprnrtiktint^ 
advantogc h found in the incrc&««d ease of rcuioviELjE (he r^limc 
vith the anodoe, and wipinK it off the ecrap in spectnl tanks, 
izuteod of emptying the tanks and cleaning out, as is done in 

» copper reAnoriM, 
It IB very neC'Bssary to have adequate apparatus for wa^htng 
solution out of the slime. The filter fiiBl u^ed couaiflted of a 
supported filtering cloth with auction undenieath. It vraa very 
difficult to get this to do fiatiafaotory work by reason of the 
Targ;e nmminT nf fluoailic-ate to 1^ wa^fied out with only a limited 
amount of tfat«r At the present uu\e the fthine ia fir^t xtirred 
up iffiUi the ordinary electrolyte seveml tinicn, ami nllcjwed Lo 
settle* before ittttrting to wanh mth vrnter at nil- The Trail 
plant produces daily H or 10 cu, ft. of ani>iie residue, of which 
over 90 iter cent, by volume is aolution. The evaporation from 
the U^Uii Ijink nurface of something like 400 *t\- ft. im only uUmt 
L5 cu, ft. daily; i^ that only n hiiiitr«l amount of w.x^h-water in 
to be litfcd — namely, enough to replace the evaporated water, 

■ plus the volume of the slime tak«n out. 

^B The tanks are made of 2-in. cedar, bolted tO|;ether and thor- 
oughly painted vith rubber paint. Any leakage is caught under- 
neath on eloping bonrda_ Soluthin km eirculntetl ffom one lank 
to anotlier by gravity, and ia puin|ini rmui ihi? Iriwest to the 
highest by mtana of a wooden pump. The 22 anodes In eadi 
tank togotlicr wnch abi>ut 3 tons, and dMSOIvc la from 8 t« 10 
days, two aetA of cathodes ovuslly bdag lusd vith each set of 
snodea. Whils 300-lb. eatbodeii <*an be made, the ihon-frrruiting 
gets M) tniablMome whh the ipa^ing used that the low of eapM:Uy 
is more duadvaatjigeoua than the extra work of puttii^ in and 
takks oat mm plain. The lead sbsecs used for catliodes ar» 
^bjdspositiiic About ^ id. metal on paiaffiiMd it<il ibsala 
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ID tour of the tankrt, ivhich ui; <iilT»CDt from the othcn orilj 
in bodng a littln Ueopcr. 

Th4 An«)da mity ronuin &ny or tU of the cIcqwbU, foU, 
■Uror, oopprr, rin, itntinioTiy. itnEMiic, bismutfa, cadiDJum, iibc. 
troD, nidcrl a^nlx and sulphur. It vv>ulil !)■> np<«t«d ihai 
gold, sttvcr, ^ppcr, Mitimony, Arwuuc and biamuth, htnin^ mm 
rfcrIrt>TK||£attvc thnti lorul, would remain in the ^tme in tbt 
moUllicT ftiit^, with, pfirltappt, Ctn, while iron, une, aickd ind 
cobalt wn(i1(l Hi«nlv«. Tt apip^r« thai tin stAndjt in th» «um 
rdatton to 1ra<I That nickcil doM t4i iniii. thai La, they hav* About 
the came electromotive forces of solution, with ihr conmqMnrv 
thfit thf<y eftQ behave aa ono metal and dtttolvc uid depOMt 
together. Iron* contrary to expectation, duwolvm only al^tly* 
while the slime will carry about 1 per eeot. of it^ It Appean 
from ihia tTial. tlie inui exiHlfi in Lht? Imd m thr fortn of msUe 
Araeuic* antimony. bbmuUi and uoi^jwr have i?lcetroimotlve 
forcoa of soUttion if\i>re than 0.3 volt below that of lea.d. Aa 
there is no olmnce that any particle oi one of lhc«c impuntMa 
v>\)\ have an electric potential of 0,3 volt above that of tiie k«<l 
with wtiich it in In metallic rontnct, thrrre w no chanc« Cbat ihey 
will b« clixNilvfy) by the artinn of the curr^nL The aanie is e^v^ 
moro cr^rtaioly true of silver aiid gold. The behavior of bismuth 
ta interceting and satiafactory. It if as completely removed by 
thU proeoffl of rehiring as antimony is. No other proeeaa of 
refining lead will Teroove this objectionable impurity oo eom- 
pletetly. Tbi haa \jeen found in the refined lead to the extent 
ol 0.02 to 0.03 per cent. Thia ^e had iic difficulty iti mtuiviog 
from the lead by poling before c^kating. Tliere i* alwa)-* a certain 
Aiaount of droe* formed in melting down the oathodoa: ai>d tbe 
lead oxide of this reacts with the tin In the lead at a eomparativdy 
lov lernrieriLture. 

The extra amount of droMi fonniHl in |Hrtitig in aitiall, and 
amounia to letut than 1 per cent, of the lead. The dran* eajried 
mnre antimony and arsenic thnn the Icivd. ae well aa all the tin. 
The telul amount of dn>iu formed m about I |)er cent. T:ibk> I 
nbowK ita rompoiaition. 

The elcecrnlyte lidziv up nn impuriiiea, exnept, poMnbly, a 
small pari of the iron and ainCn I'>(<intatine that the anode* 
contain O.OI per cent, of xinc and :«oluhle iron, and that tbere 
are IbO exL ft. of the Bolutirrn in ihi^ mtinory for avvry ton «f 
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tumed out dtu]y, in one ycikr the 150 cu. ft. will htkvc taken 

03 lix of iron nnd tine, or iibout ] ptfr tmni. Tho«^ impurities 
accumuUt^ to a mur-h grt^aic'r c^ti^nt than ilm (xffonr thpir 
iffi will btK^ntntt tibjrcltoTirible. It ift j)fMiciti1ir to purify 
olectrolyie in wcrnl ways. For «camp?ir, th<" lead can b« 
removed by prccipitAtioa with ^Iphuric acid, ^nd the fluotsilicic 
4CJd precipitAtod with aaU o^ Bodium lluomlirutCL By difftillfttion 
with CTilphuric iirid the fluoalicio acid couid be n^covorod, this 
process, iheorericAlly, requiring hut onfvtlilTxl njt mueli Milphurii^ 
acid Kd the dfvcim position of Unornp^ir, in which the fluorine wa« 
<»ng'maHy contained 

Tho only danjtCT of liwd-poi^ning to wbiob tho workmen 
tfe OXp Ot d ocount in malting the \esiti a.m\ casting it> In this 
r«Bpect the oltt-trolylii; prwccsH pn^senij^ a diHtinct wnitary 
aJv&noa 

For the treatment of jilime, the only roethod in j^eneral use 
corttnst8 in mispcndinfc tht; iHimc in a solution capable of dis- 
solving the impuritlen and Mipptying, by a j«t of vtenm and air 
forced into the nohitinti^ fhi- nir nproHsuiry fur \i* rpaclinn with, 
&nd solution f)f, ifurh an inactiive metal avi copper Afler ths 
iropuntiea liave b«en mostly diwolved, ihe slime ie fiUeied o(I, 
dried i&nd mdtcd, under such fluxes as soda, lo a dor£ bulliouH 

The amount of powi?r required is calcuLatecL thus: Five amperes 
in 24 hours make 1 lb. of lead per tank. One ton of lend equals 
\0J3OQ amper«ydayH. aud at O.Sfi volla per lank, 35{W waLt-dnyn, 
or 4.7 electric h.p. days. Allowing 10 pirr cent, Iom of rfficicniiy 
in the tacks (we always get leae l«Ad than i.he curmnt which ia 
pSfisLng would indicate), and of 8 per cent., tow in tho x^^ncrutor, 
Increaa&s this to about 5. ft h.p. days, and a further allowance 
for the eleclric lights liiid tii!i**r tippltratiom givw from 7 u> 
d b.p> days as aboui the amount per ton <if load. At 930 lifx 
year, this Item of ccH ia nornethinK like Qttc, per t<^n of Iciui. 
So this is an electro-tihemiuul proceM not capcf-ially f^tvorcd by 
wat«F-pover. 

The cost of latjor ia not jBT^ater than in the tinc-dMilvvriKO- 
tJon procees^ A rfunfmnHon l>etweeii this proeew anrl thr Pitrkf-H 
pioctts, on the asjiumption that the costd for labor, intcrrat nnd 
^enoral expeTisca arrr about equal, ahuws that about $1 wortli of 

ic and a coiuidomhlc amount «f ooal and coke have boon done 

ray ultH. ar. the expense oJ power, «qual to about 175 h.p. 



hours., of the anverage value of perhaps 65c., uiid u i^nrnW &maunt 
of coa) for melting the lead in the electrolytic method. 

More important, however, is the greater saving of the metal 
valuEs by reflsnn of indrRaaed yields of gold, silver^ lead, imti- 
iQoay and bismuth, and the freedom of the refined lead fiom 
bismuth. 

Tables II, III, and IV show the compositioQ of bulhon, elims 
and reiiued lead. 

Tables V, VI, Vil, and Vlll give ihe results obUined ex- 
perimentally in the laboratory on lots of a few pounds up to ft 
few hundred pounds. The reauUs in Tables VI and VII were 
given me by the companies for which the experimeots were 
made, 

TABLE 1.— ANALYSES OF DROSS 

For atLalysea of the lead from wbicb this drosa was taken, see Table 11 
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No. TW 
Taile 

11 
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Pbp Cimt- 




Ft. 

Pit CtHI. 


Iw. 
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2 

3 


D.onin 


ox«o» 


0X10 LO 
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OiXllQ 
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TABLE n.— ANALYSES OP BULLION 



No. 




.^ 


.^ 


,^ 


.1 


,1 




J 




5"^ 




& 


5 


& 


5 


£ 


B 


i 


& 


i 


B 


I 


0,0075 


0.1700 


0.5400 


0.0118 


0.1460 


1.0062 


DX)0S5 


9S.020Q 


319.7 


2.49 


2 


0.0115 


ai500|0.6l00 


0.0158 


0.0900 


1.2014 


9.0080 


07.0068 


350.4 


2.52 


» 


0.OO7O 


0.160C 


0.4OD0 


0.047410.1330 


1.0738 


3.0123 


98.1665 


313.2 


3.fl 


4 


0.0165 


0.140C 


0.7000 


0.0236 


0.3120 


0£&H 


9J)151 


97.9014 


260.0 


4.42 


5 


aoi2G 


140C 


0,8700 


0.0432 


0.2260 


0.6082 


}J)124 


98.0882 


177.4 


»A3 


A 


0.0055 


O.13O0 


0.7300 


0.0316 


0.1030 


0.6600 


)X»106 


9S.26Q3 


192.5 


3.10 


7 


0.03SO 


0.3600 


0.4030 




tr. 


0.7230 


o.oiao 


98.4580 


210.9 


6.25 



TABLE III.— ANALYSES OP SLIHES 



PeiCivt. 


Cu. 
Fb CiirT. 


SB. 

For Clin. 


Sn, 
Pu Cent. 


As. 
Pii Ceht- 


Pi. 


Zii. 


Bl 


1.27 
1.12 


8.83 
22.36 


27.10 
21.16 


12.42 
6.40 


28.15 
23.05 


17.05 
10.62 


none 

41 
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TABLG IV.— ANALYSES OP REPINED LEAD 



i 


i 


4 


i 


4 




i 


H 

n 


i 


4 


1 


o.oooa 

DJX)03 

oiKxni 

0.0016 

ojno3 

OHOOT 
OiKXM 

0.0004 
0.0005 
0.0003 
0.0003 
0.0005 
0.0005 
OiXXH 
0.0003 
0.0006 
0.0006 
0-0006 
0.0005 
0X1005 
0.0004 
0XI0O4 
0.0022 


0.0008 
0.0002 
0.0001 

none 

none 

11 

41 

14 

<l 
tl 
11 

14 
'1 
II 

" 

U 

tl 

14 


0.0005 
0.0010 
0^)000 
0-0017 
0.0060 
OilOlO 
0.0066 
0-0038 
0.0052 

o.ooeo 

0.0042 
0-OOW 
0i«56 
0,0063 
0,0072 
0.0062 
0.0072 
0.0067 
0.0066 
0.0044 
0.0047 
0.0034 
OiXllO 














t 


o.ooib 

0.0008 
0.0014 
0.0003 
0.0046 
0,0013 
0,0004 
0.0004 
0.0003 
0.0013 
0X1009 
0.0007 
0.0006 
0.0003 
0.0012 
0,0011 
0.0010 
0.0016 
OXAll 
0.0015 
0.0016 
0.0046 


none 










n 




0.24 
0.47 
0.22 
0.22 
0.14 
0.26 
0.2S 
0.43 
0.32 
0.22 
0.11 
0.14 
0.24 
0.22 
0J23 
0.34 
0,38 
0.35 
0.22 
0.23 
0.38 






4 
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II 

41 

41 

14 

11 


0.0035 
0.0036 
0.003g 
0.0049 
0.0059 
0X)049 
0.0091 
0.0012 
0.0024 

ooora 

0.0080 
0.0063 
0.0140 
0,0108 
0.0072 
tnoo 
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70 






70 






21 


ncme 


none 



TABLE V.- 


-ANALYSES OP BUT.1T0N AND REFINED LEAD 




PuCkHT. 


Cd. 

PlH CEKt. 


Pu Curt. Pm Cut. 




0.60 
0.0003 


0.31 

0,0007 


0.43 


98.76 


flnfinwl TmiI 


0.0019 


99.0971 


' 





TABLE VI,-ANALYSEB OF BULUON AND REFINED LEAD 



Cu. 
PeiCt- 



Br. 

PimCr. 



Ai. 

PuCt. 



Sb. 
PmCt. 



Aa. 
Oi-i-.T 



PmCt 



Ad. 
0*.p.T. 



Fe. 

PuCt 



PbCt. 



BuIlioD 

Refined lead. 



0.75 
0.0027 



1.22 



[}.g36 

0037Q.0026 



0.6832 
0.0000 



368.69 



D.0010 



1.71 
none 
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TABLE VIL— ANALYSES OF BOLLION, REFINED LEAD AND 

SLIHE8 
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4 
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BqIUcu 


M.73 
9.00 


9.096 
9.0013 

1.9 


0.65 

o.oo6oa 

9.14 


1.42 
0.0028 

29.ftl 


ftbout 275' 
9306.9 








B^nedlwid.. 
Blimai (<ir7 


O.00nA8 


0.0027 
0.49 


tnoe 

trxie 



TABLE Vm.— ANALYSES OF BULLION, REFINED LEAD AND 

SLIMES 



BaOiCD 
LeAd.. 



Pn Cm- 



87.14 

iois' 



Cd. 
Pn Cnrr. 



1.40 

0.0010 

9.3 



Bi. 
Pn C^n. 



0.14 

0.0023 
OJQ 



Pu Cm. 



0.G4 
4j' 



Pu Cdtt. 



4.0 

0.0017 
2E.32 



Pn Cnrr. 



7.4 
tnoB 
44.58 



1 Sihnr not pvsD. Iliis was the case, ala0| with the gold m the buUkm. 
Tba dimM ooalftined 0.131 per cent of gold, or 39.1 oi. per toa. 



PART X 
SMELTING WOfiKS AND REFINERIES 



THE HEW SHELTER AT £L PASO. TEXAS 

In July, 1901, the El Paao, TexuA, pl&ot of the Coiuu>)idii!r(I 
Kanntfl City SEreltiri^ and Rtrfining C{>inp»ny ' wtta jilmuHt, cctrn- 
pktflly deatroyed by fire. Tbu jKjwer plant, blatfi-funutce build* 
iTig uDd bljiat fumucee wcro entirely dcetroyod, und portions of 
Ibe other buildings wen* badly damaged. The flikmoe u<?re 
hardly extinguished before ALe|j8 were tuken lo ronKtrcu^t n rtew, 
modern und enl&rged plntit on the ruina of the old one, and on 
April 15, 1902h nine months ivfter the dettt.niction of the former 
plant, the new rumtLGOE were blown in. In rebuilding! it v'u» 
decided to lor>ate the new power-houw at ^me dirlanco from 
the other bnildings The rumtu'PS have all been enlarged, ojirh 
of the new leiicl furnat:ea (of whicib there arc seven) having nbnut 
200 tona daJty capatity. Thesw and the three Inrpc copper fur* 
nacoe have been loc^uted in a new poeition in ordi?r to jtocure a 
larger building territory. The entire plant is modern nnd up ii» 
date in every particml.ir. One of the interesting features i* lh» 
subetitutiou of urnile oil ba fuel in the Ix>i1cr and ronattng dp[>Art^ 
merits. It U intended to uac Beaumont petroleum for the geo- 
erntion of power and the roaaling of the ores instead of wood, 
coal or eoke, and it is expected that a conBiderablo ocoDomy 
will be eflteoied by this locuns, 

Powir Ptiivt. — The power plant xa completer in all rp^erlK. 
It ie a dup]i<'utc plant in every sen^ of the word* so that it will 
never be ncocwary to ehiit the works down on account of the 
failure of any tma pic<^e of machinery. There arc seven bcilera^ 
having II total rif 1250 h,p. The four blowers are unusually 
large, having a rapnrity of 30,000 eii- ft- of free air per minnle, 
Tbey src dircct-eonnected to three tandem com|X]U[icI condensing 
CorliM engines. No belts arc used in Ihie plant, except for 
driving a etunW blower of 10,000 cu, ft, capacity, ^hieh will net 
ax a regulator. A large central electric plant has been installed 
in the power-hnume, ronststing of two dirfVM^nnnertert, direct- 
Ciirrcnl generators, mounted on the shafts of two ri Lfa»-t^omp*^iuaJ 
condcmirins Nordberg-Oorlisa engines- The current from these 

■ A w>n>titij«iit<KiiD|iuijcif tho Aii3ttri(WD9ni«ltLiigiiad itdiniogCompuiy- 
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gOiMn^ton 18 trihiutmitUNl through the plant, operutiiif; Komplin^ 
VDries, hriqufitifig iimchiD(>ry, pumpet. hoiura, rimtont, carK, eU-, 
<jlap1ftcing all (hp HEuall Hluani t-iigiiiCB ami nttiiiti pumpei usid is 
the old platil. The poAtrr planl ta provided i4itb two ajttens 
far OODdooekiie: one bT^in^ u lurvc Whtx^lcr tfurfacc condCDwr, the 
ot1i«r • Worthiogton LcntriiUdevfitiKl jet condcmMr, tko lclo» 
t>«UkK to use the lurfiLOG i*oiid4jtucer ditriaft u libort period of th» 
jVftT wtwn the watrr i» wi hnd Tjmt 1 1 itim nai hf uwh] in r he bnilere. 
During tlio remainder of ihc year the jet c^ndc-ciM^r is la aen'i 
and thie aurfacc condenser cati be cleaned. The cnndcriBed t 
froai Iho fluKaco iwndeTiHjr, with lh<t neoaMnry uddrtional wattf, 
gOM bMk directly to tho boilfrnt when the huHiu^ condanwr 
in tM»> The p(iw^r-hniwe w al>M)hild> firrpriKir throughout. 
htiafi of 4tect and brick with iron aad cctncnt floors. It is pro* 
ridtid with a traveling cnine, and no cacpcnsc has been spand to 
nakt this, as all other pnrt^ of the plant, complete b evoy 
mptet. Thfi main cooductom from the ^^neraiors paAs oat 
tkntiith a tunnel into a briek and hL^I lightning-nircetcf t^utue, 
fpfun vkhieh pcjtjtt the various distributing lines go lo diflcnnt 
fwla of the plftiit. 

filasf Fumocea. —There are aeven lan;^ le^ funiaocs. each 
bkariiyt A cap^icily of '200 tt) 'J&O tooa of cliitr^ per day, and 
Uhna large capper furnaces, eaeh having a capacity of 250 
per day. All iif the fuTna<rt« ntv em'Tow*! in one? 
building, the knd funiuceH Iming at one mil luid the 
tUtnaecfl at the otiier. t^h of Uie furn&ccD han tta 
^Ifftithilenl flue uyatom and ataok. An entirely new ayatem of 
lhr«o funmees liau been devUod, consieAing of a 6-ton 
««■ o}>eniied by iiLeiiiix of a street milruad motor an 

vUh third-mil Ayntcni. Thi? isharge can ei>llei:t th 
«il th^ i>re hi-ds, linifln>ek and coke storage, and arc 
^ »^ ^*.Mk h,vdruuliu elpvatom- They arc then elevated 3S 
^Vll> Wff k4 llw furnaces, traveling over them to the charging 
Wl*MNfh which the Umda are [Junip'd dirertly Into the 
'W* »yMe(n |>t?rmib« nf twn mcti hiLndliiig aljout 1000 
.* T1» same ayMcm and Ciin* arc used for cUanpng 
«-r4*4%>«M, except that, jut those fuxnaeos arc much 
'■^«^1 furnaoea. the charge ua dropped into a larRe 
i is fcit Ui the eoppiT fumace« b, 
-V feet! - fliior Ir vol. 
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mW Pl^UTT OF THE AUERICAIf SMELTING AffD RBFlHUfG 
^M COHPAITY AT HURRAY. UTAH 

^^^B Bt Walter Hiis-ruN Inoaixa 

H Murray is a fow miJcvf HHiih of Snlt Lake City, vrHh which 
JHt is coRn«et«d by a trolley lin*. The new works are situaUd 
witliin Ji frrw htiTiflrcvl yarrls rf Ih^ tprmmiw *if the Uttpr Micl in 
cjoec iuxtapositioii to the old Gennania pIuiiL wtuch ia tlic only 
one of the 8aU Lake Ic^-flmdtiri^ worka in operation at pmcntH 
The DOW pIfiDt ie cf spccml intciiret inasmarh as it la th^ Utrnt 
constnictioD for eilver-lmui amelting in the United Stated, and 
may be ronsMered ah embodying the heM|. experienc** in that 
iDdoatry. the designers havliije had access to Llie leeults attained 
at almoet all of (he previous InstAll&tioELS. It will be prrreivcdp 
however, that there ti&e been no radical departure m the methods. 

rd ihe novoltiea are rather in details than in the general scheme. 
The new worlca are built on leve] ground; there hns been no 
alt»n|it to a««k ur iiiili;Hi a nlopirxg ui a terraced ■itirfAi'e. save 
imni«dialely in fn>nl' uf the blaet furTiaces, where there U a drop 
ol tsG\'crol feet from the furuace-houae ftoor to the alag-yard level, 
affording room for the Urge matte aottiiiigboxea to Biaud under 
the slag spouts. A lower terraee bpyond the ^laj; yard furnishes 
convenient dumping ground. Otlierwisf- the eievutioiiit required 
in t.he worka are wrured by metrJuinical lifto, tlie ore. Iluies ami 
coal being brouglit in almost entirely by roeana of inclines and 
ti«Btle6. 

The pliint eomiiata essentially of twf> parta, the roasting 
departrtiecit und Uie F^niHHiig d^pitrtmenl , The former riiu\- 
prinea a crushing mill nud two fiimace-houfi(^. one ei^uipped with 
Briickner fumacca and the other with hand-rukcd rc^-crl^era- 
borictf. The revcrbenktonee are of the standuni diMJgn, but are 
noteworthy for the exeellencQ of their conatructioiu Similar 
praise may b<>, Tnch*«l, rxU^ndwl to almont jiH tho other parts of 
the work*, in uhirh obviounly no r^pciuw has boen spared on 
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faUe gn»uji<l« oi «<onomy. The roiuting furaAcos vtand to t 
long stee] hniiw; lhi'> iin- nrf. nt right nn^lnt In Ihn langfr uis 
of the building, in the usuaI DiaDDCf. At their Tccd end tbo' 
eoatmuaicjwtc with a larfcc dustiwltlinjc Hue, which leads to Ibe 
ma,m cbimncy ot th« workti. 1'hc oro m brotight in on a tmn*&y 
over ihe fumaew And i? t'?irtrg<xl ittto iho furr»a<'©« throiifli hojv 
pera. The furtianw" h»vo miurtin^ hitnnKn only. The lir«-box«> 
are arfHiigod nitb step-grfttcA &Dd closed &flh-pita. bejog fed 

>ugh hoppers at the end of the furmic^. The coal b dumped 
at huad from the railway ta.T9, which are switched in ob a 

itla parallel with the side of the building, which fiid« ifi not 
doBcd in. Thk, lo^lher wifh & large o|jeniiig m the roof fur 
tht; whole leij^lh of the ImUdlng. aiTonjA goud light Aod vvntilv 
tion. The (luor of the house U concrete. Tb« rooatcd ort U 
dropped into vnvd, which run on a sunken tnunwA]'' pAning 
under the fumiK>e& AttheendofthiGtrALniway there ia an IncUne 
up whith the ram are <lmwii find afterward [tumped into hrict 
liiiiK- FrL>iri the lutlf-T ll ih hpouLud into HtiLndttrd'-f^ge railway 
cara, by which it i» taken to the smelting department. Tlie 
roasted ore from (.lie BrUckner fumnccs ie handled in a ttimUar 
niaaner. The lielivery of the coal tind ore to the BrilckDen uid 
the K^iipriil in.Hiallutitm of the bitter arc anuh>giiu^ to the methodii 
enipU>yBl in t^niueciicm with thr rr*orl*«nitririi«. 

The central feature of the wndting cic|iartnHDt is the blaM* 
furnacre hcuue, which comi>riacv 4?ight. furnnctt, each 48 by 160 
ill. at tho luyercH. In their fconi^nd Jcilgn they ar« similar to 
tijoae at the ArkanmA Valley woHcit nt I^uulvilte. Them aie 
10 tuycn??i |>er aidt*, a tuyrrc piufidng thn^iif^h tbe niidilb* nf nurii 
jacket, the latter being of cast iron ami 16 m. m width; their 
lengtJi is 6 ft., which ia mtlier extraoniJnary. Tho fumaeciA 
are very high find are urmnged for mechanical charging, a r«et- 
aikgular hrirk ddwn-iitke leading to the duHt chaniNT^ wluch 
dtends berhiiKl tin.' funtflcr^hotiw. The furnacx>liou:>e m ctvctrd 
^tirely of nr.ccl, the upper floor being iroa platcv laid on ttMA 
1-beainfi, while the upper tcrraec of the lower door in alio laid 
with iron plates. Aa prr^^icun))' renuirkrd, the louder fioor drOfw 
down a atep in fniot nf Ihr famarnf, hut Miere m on MEti<nMr)n 
on each aide of evi-ry fiunac*', vnhWU alTords (he nccowuy acreas 
to the tap-hole. The Kighi of the bttcr abore the lower icrnicp 
leaves room for tho lanic reatle »ctihne*boxe«. anri tV runne 
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from the Latlfir runa into poia un the ffrotui4 l«vd, diH- 
with Uie inroiivenitrvt pitu thut urt? to hi* swn lit Homft 
of lUb uk!<Tr workfl. The I'lmslrnrUim of i.ht* Mfuit rttrrmcnt, 
vbicb were built by the Denver Mngine«-ring Works Company, 
is a<ln)irubl« in all rcB|)(TOtd- I'hc ci^ht fiirnuoc^ slunti tn n row, 
about 30 It. upftrt, contor to center. The imim Jiir aofJ wuter 
pi[H?i lire iilninjt rUonfl Iwhind ihc furmu^w, Tlie sIh-r f")i« the 
riiiLlt4VM?ttlj]iK \k>xvs ci^i-rfliiAK into miigh*-1>n\vl Ni^Aiiiith iHitn, 
which »rc to be biuidled by mfyir-f of amjjl Irtcomotivcn. The 
foul dliLg iB rctiirnc<l hy mctini of n coblinuoiiA pnn-oonveyor to 
IL bncL'liiiGd, cylJndrittiil ittrcl t^nk bchintj the ftimace-bouee, 
whence h la drawn ofT through c*hut(Wr tat requiror! for rc<-har^ng. 

The chiirgps are tnnrlr up im tbp p;r<HiTid kvH, immpdiatdy 
behind the fumaiic-hoiisp. The ore trnd flux arc brought Id on 
tn»tlcfi, whence the ore is imloAdcd into beds and the flux into 
elevated bins. Thcec are all in the opon^ there being only two 
sm.'JI fihedfl wher« the charge* are made up and dumped inlo 
the cars which go lo the fumareH. There are two inrlineA to the 
latler. At the top of the Lticliiiea the eaT« are lauded on a trana- 
Fening carriage by which they can be moved to any furnace of 
the sorice. 

The duBt-flue extcndin;; behind the fumaee-houae Is arranged 
to discharge Into ears on H trarnw-uy &n tlie (^ut below the ground 
level. ThiH flim, whirli in tii brii-k, njunt^rla wiL!> tbt! iimiti fiiiea 
leiadiug to the chimney. TUp innin fluepi are built of concrete, 
laid on a ateel fnirne in the Uiimil mnnnor. and ure very l^rRe, 
For a eortain difitam'o ihey are inHtulled m iripUi'itte; then they 
make a turn approxlinutely at right atij^kv uiid two lluefl contlnud 
to the I'hiiiiiK-y. At the pmptr pmnU then- nn- hirgt- dainptn* 
of steel plule. pivutcd vrrtjcally, for f.Iic purfMwit' nf (^lillin^f ovit 
flucb section of Hue an it may be dcnirod t'> c^tean. Lach Hue Ima 
optiDiikj^, ordinanly ckiHcd by ntncl ifonni. whiL*h give aceras to 
the interior The fluc« riro wimple tunm^U, without drift-walls 
or any (ithi-r intt-rruptiiin tliiin ihtMircln^l p;u"«u^ra whicli t^JLleiid 
trauavereely t.hnniRli (heiii at rf'rt.wn phu'tw. The c^hininey is of 
brick, circular in section, 20 ft. in diaincler and l!2f> ft, high. 
This is the? only chimney of the woricn save those of the boiler- 
bouse^ 

The lioilcr-beiise is ef|uipfwd with dght inl«niaily fired corru- 
gated llrc-box boilers, Thfy are artuuged in two ruw!»» face to 
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fate. Between the rows there la an overhead coal bin, 
which the coal is drawn diroctly to the hoppers of the Amoricaa 
etokerai with which the boilera are provided. Adjoining the 
boiler-houBe ia the engine-house; the latter is a. brick building, 
veiy counnodious, light dnd airy. It contams two croaa-^om- 
poimd, horiaontal Alliu-Chalmcra (Dickdon) blowing engines for 
the blast furnaceSr and two direct-connected electrical generating 
sets for the development of the power required in various parta 
of the worka. A traveling crace, bullL by the Whiting Foundry 
Equipment Company, spans the eutcinc-housc. In close prox- 
imity to the engine-house there is a weli-eqiiipped machine shop. 
Other impurtunl buUdiogs are the sampling mill and the flue-duat 
briquetting mill, 

A noteworthy feature of the new plant is the concrete paving, 
feud on a bed of broken alag, which la lued liberally about the 
on^yard and in other pla(^es where tramming is to be done. 
Tbe roast ing-furnace housee are doored with the same material, 
which nob only gives an admirably smooth surface, but abo ia fl 
durable. The whole plant is well laid out with service tramways 
and standard-gage spur tracks; the intention has been, obviously, 
to eave manual labor as much as possible. 




THE HURRAY SMELTER, UTAH* 
By 0> VvrAnu 

This plADt has l>eeii m opurutio!! wiiioo Junn, L9Q2. It givoe 
«mp1oyment to ftOO rncn. The monthly iirodut'tion cttiwliitif of 
»boul 4000 ton« t>r v\<trk-l(md ami 700 U>Eift uf Icjul-ropper matte 
(12 per ceut. lead, 45 per cent, coppt^r). The work-lead m eetii 
to the r^fiocry at Qmibha; the matte to I'ucblc. Colo. Moat of 
the ofM come from Ll<ili; btit in luidition sotiie richer lead orea 
&re obtained from Idaho, trnd wnw gold-bearii^g oreB Iroc: Nevuda. 

For HKinplInK the Vetln apparatus U uaed, cutting out on^ 
fifth ill each of thr<* paaHoi, iTUflJiing hiturveningH 'ht? harnple 
ijom thcT thirtj machine being 1-625 of thf original crc; after 
further cornmmiition of sample in a colfee-uull grinder, it is cut 
dot^n furthf^r by band, iminR a rif1l<^, Tho final aample b bucked 
down to jukMS un 80-niedh §ieve, but gold orea arc put through a 
12CWnirah. 

The stepe in the smelting proce^ :ire aa follown: Roosting the 
poorer ores in rcverbemtnnp- furnaoca and in IJrurkner rylindcr^H 
Smelting raw and ronatod ores, mixed, in water-jacket pd biaat 
furnaces, for work-lejid aitd lead-copper matte, the latter eon- 
tainjng 15 per rrnt. Iifnd And 10 to 12 pc^r rpnt. cnpppr. RouMting 
the ground mattOp conlaliiiiig 22 per cent, of jiulphur, down to 
t per cent, in rcvcrbcratory furnaces. Smehtng the roaeted 
matte together with acid Gux in the bla«t furnace for a matte 
with 45 per cent, copper and 12 per cent, lead. 

Only the pyrilir ores are roasted in Brtickner furnaces, the 
lead ores and ntutte Ixaiig rousted in reverberatory fumacoa. 
Each of the 20 Briickner funiacear vftuch constitute ont battery^ 
roasts 8 to 12 lone of ore in 24 boura down to 5} to C per contn 
sulphur, with a coal consumption of two tons. The charge weigh* 
24 tons. The fumacca make one tuiTi In 40 minule& To Increejve 

■TnuiHlAt«d fmm ZnJT. f. Berff.* HiiUm.' uni SoUntnvMtm vn pmtM, 
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the dr^ft and I he output. «t«am »l 40 lb. pr^Acmv* 1% htovn ia 
thrnugh a I'lp^i This hnn, however* rf«ii1cp<l m inrrruiiig U» 
qiuuitity of Muc dust to 10 lo lf> per rettt. of the orr chArged. 
ToB funuiCM arc attended by one workman with odg assiiilA&t. 
working in efjEH!>hoiir »hift«. For Bring and wfthdmwing th« 
chAr;ge five men btt rrquir^d 

The gaMw fmni the BrUckikors anil reverberatory funao» 
p&» into a diut-fluc 14 x L4 fL in section and 000 ft- loag. built 
of brickwork, with concrete v^ult; in tho RtatJi (235 fl. high. 
IfU ft. dJAmct^'r} iboy unite with the ehaft-funuico gaaoa. Hie 
tempcniture of which is only 60 deg. 

There &re 12 reverberatory fiimaces wJlh liearths CO fi- long 
and IG fi. brond. Tl^ey roael 14 toiia of ore (or 13 toiia of uuill&\ 
in 24 hours down to 3} to 4 per cent, eiilphur, consuiniag 22 ioZ^ 
per cent, of cool figured on tbo weight of tho <Thftrge. There aro 
12 H'orking doon4 on etich sid». The email coal (from Hock 
SpririgM, WyoiiiifjgV whiHi i* bum! on flat grates, conlainfl 5 per 
cent, ash aud 3 to 5 per cent- moisture. TIjo rolled product Is 
dumped through an opening in the boarth. ordinarily kept cloaed 
with an irof] plate, iiUo cars which aro rniaod by eloctricitj on a 
ac^^ttctin^ inclined pUjie, Their content is then tii>ped ov«r inU» 
a chutu (ind cooled by aprinkling with wiiier. Fnjin here the 
nuuili-d iiintttf is conveyed tn the lilaM furnuct? in 30-toii cant 
Thft nxwlwi ore is tipped into the ore-bini 

There arc eight blast furnac^M, 4S x 160 in. at the tuycica, 
of which Ihtjro are 10 on each af the long isidw. The highl 
from the tuyeres to the gus cutlet i* 20 ft., thonc« to the throat 
8 ft,; the disianc^e nf the tuyeren from ihi? flnnr m 4 ft. The bjiw- 
ia waler-octoled. The wBter-jackr-t« of the fiimneo are ft. hi|[h. 
The tuyercf^ (4-ioO nrc provided with the Kilers aut'imntic ar* 
rangement for preventing the furnncc ga^oc ontcring the blart 
pipts. The bliLSt prcsstire is S4 ox- The fnmacca are fumiKhfd 
with thr Ari'ntt* \nid ^^-v]U; Ihr rrui-ibte hnlds iibmit 30 ton* iif 
lead. The nlag mmI ihe mntte run inl^ a brirk-hncvl forchearth 
(8x3 ft., 4 ft. deep), from which the elfvg flow.t into pot« holdiitg 
30 cu. ft., while the matte i» tapped o& into ftat round pann 
mouatod on wheels. 

The charge in conveyed to the feed-floor hy electricity. Tli* 
furnace charge is 8000 lb, and 12 per cent. eoke» with 30 per 
cent. (Hgured on the weight of the i-hai:ge) of "«hdla" (alisg)- 
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lily ts mudi ivt 23(1 uwtt at the (mulht) Hiarge, exdituive 
nil aljig, has hM;n hniidlcil liv utir fiirnncc m 24 hiiui^. 
During one month C^tcnibrr. IS04) 40.000 totw of dhorgc were 
worktxi up, corresponding to u d;u]y avero^ "f ^^ Lonft por 

H Till? liMul in riic rhnrge runs fnim 13 In 1-1 j)er ennt. on ad 
■venge^ The lirm^Mioue, which i^ nfMcit n.-< HuXp i.n 4jitarnr«t not 
fw from the works. The coke useJ w in pnrl a vcr>' ordiDary 
<^uality from Utah; in port n better quality fnim tho hlaat, with 
to 10 p^r cent. »sh. The mntto :imc>unlH lo ifl por <*ent- Tho 
Kl&g contAtna U,6 to 0.7 pt^r cent. Iwrf und 1 t" 0.15 j»or mnl. 
coppBTn The eln^ has approximately iht; FollowinK comptMiilion; 
3C per cent, eilicn, 23 p«T rent. Jpjc (conrcopondinK to 20.^7 per 
cert. FcO). 2ii per cent, lime, 3,8 per cent. Eino And 4 per cent, 
alumina. 

Th«< u-ork-kad m tranefnred while liquid Trom thp fur&aogi to 
krttJps of 30 torx f^ajmnTy, in whirli it ia itkinkiuod, anil lli«Dno 
cast in motda llirough a Steit^ aiphoa. First* however, a &,I>1U 
saiLtpIi^ t0 taken out by mcana of a special ladle, and 10 cast into 
a plato. From Lhia eanipltts of 0,5 at. aro punched oai at four 
points for the ua^iiy of iho preeiitiw metaU. 

For the purpose cf precipitaimg the flue dual, llic b1a«t- 
fiimiice gase? are pa^ed inio brit^kwiirk chamlit-ni in w)iil-1i a 
plentiful deposition of the heavier partictM takctt place. From 
here the giLscs go through un L pipe of shc^l irrm, \b it. in diotn- 
eter, to the Monier Elucs, which have a cro^tf-aef^lion of 256 *q. ft, 
And ft total length of 2000 ft. A small part of tho (lue» U nli^o 
built of bri^k- Tike pi9f» imite with t\»: hot rxio^iter ganvs jait. 
before efitering the 22Mt. chimney. In the portion of the blufit- 
furnuce dust first precipitated the silver runn 22 ox. per ton, 
while that recovereii nearer the 8lack contains only 8 0«. Thu 
flue diudt IS Lnquetted with a imtiU proportion of lime, Aod, aft^r 
drying, \» returned to the blast funiaeea. 
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By 0, PuFABU 

At the Pueblo plant, ont$ tontiuiung over LO jwr c«at, kwi 
not roBst«df but aie added ruw (o the i?hArg«. For mieh 
malaria] as requires rowiliitg ihc^rv are In lue live RruddMr 
funuu^ee. Tlie charge is 24 tons for 4§ lo SO houra; the Juiucci 
make one irvoltition per minuto and ronet the cr« down to 6 pir 
cent, eulphur. Ther^ are also two O'Harra foroacM, g^cb Toa0^ 
'2!j tons daily, and 10 T«v«rrbemtory rumac«» Tft ft. m kngtli, 
eaoh roaHttng 15 Ions of ore dally down 1o 4 per cent, milpliar 

Tlie c^harge for smelting is prepAred frook roasted ore, tvg 
with Id^io lead ore, Crif^i^o Oeek gold ore, briquotted flue duBt, 
ajae and limostone. There a» Mven trat^^jacketcd fumeoe^ 
which imeh, each, iiO tons of charge per day. The fureaeca 
httVQ lA tuyi^reK, LlaHt preasure 34 i>2... rraffi-aectlon at the ttiyene 
48 X 148 m. They are uhaqfed inechnuii^ti!ly by & car of 4 tciw' 
capacity. 

The output of lead ia 1 1 to 15 tond per furnace. The nuUte, 
which in pradu(^e<t b email quantity, contains 8 to 12 por conL 
lead and the iiHiTie peroeutage of cupper. It U cnudied by rolb, 
nrnfft^nl in rtnejbeiHtory furiwcw*, and smdted with nmt rirfi in 
sUica. The matte resulting at thui atace, running 45 to !K) per 
cent, in copper, b shipped to be further worked up for bliaUc 
oopper. 

Th(* wfirk-lead ia purified by renicltlng m inm kfftU 
ciipHfrniiis driif« being [ireeaed dry in a Hiiwan! prrw, and aent' 
to the blast fumacw- The work-lead is eenl to the refineries at 
Omaha, Neb., or Perth Amljoy, N. J. 

To no]le«t rhc flue dti^ the wuGle gaeen aro passed through 
loag brick Huaa. The ehimneye are 150 to 200 ft hi^, and 15 fL 
in dtami^.r.r. They stand 75 ft, above the gmund If^rd of th» 

* Ahrtnci frcsi & pspvr m Xril J. Btrf.- fiHUm.- imd S^HnrmPtaem fta 
^niM Staair, lOOA, T.ITI. p 4^> 
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blast fumacea The comparatively amall proportioQ of flue <ludt 
prcdut'cti (0-6 per cent- of tho charge) u briquctted, together 
with fine ore and 5 per cent, of a thick paste of Um©. For tWs 
purpose a White pre*!^ m used, which makefi eLx briqiMla at a 
tiiutf ntid haiidl(« H> Iohh pi?r htmr. 

Acconling to a tabulation of Lhc; imulbi of five montlui' niii-^ 
ning, thf proporlion of flue duat at dcvcml worlw of lh« American 
SmcltLnj; and HeUaitu; Cofnpany ia oa loUiiw«: 

Olob* PUnt. DcnvM * 0.5 % of tU dwrs>- 

PiMblo PiMit. ruvMo IU% 

KOww' n^l.PiiDblo 0A% " " " 

BMiIitJwiQ Plant. Ilclou 0.3% " " " 

ArlUTMU VaUfly Tbct, lAdviUtt 0.2 % 

Uumy Pliuit, Murniy. LHah 15 % " ■' " 

The fuc! used is of very moderate qimlity> The coke (from 
bocbivc overfl) ciiniea up to 17 per ecnln tmh, the codl 10 to 18 
per c<ii]t. The monthly production \» 2300 lonu of work*l6ad 
and t-SO totiH of copper mnitj* »4,S to 50 |K»r mit, mpper), 

At the Eilcm pUnt all sulphidi? cinw, nxrcpt the rich ldahi> 
ore, are ronsted down to S to 7 per rent, S in 15 rerverberatory 
funmcesi tKJ to 70 ft, in IcJigth, each fumaeo roasting ih tooa per 
24 faoui^. ID n\x chsiigM. 

The flue dunt is brirtuetted together with flno Cripple Cre^ 
ore, pyriteri ciruler from ArgeiiUrie, Kan., Creede ores Hoh In alUoa 
and 10 p«r cent. lime. The reaidue from Uie xiuc sme]t«!ry (U. 8, 
Zinc Company), which is brought to thia plunt (600 tond a month 
oontainizig nearly 10 per cent, lead), U taken direot to tho bhiat 
furnaces. Of the latter there are six, €W*h with IS tuyeres, 
whJL'h handle per 24 hnun^ IfiO lo ISO tan» of th^LTge^ eontulning 
on an average 10 per ft-nt. uf lead in the orr, with 10 pwr cent- of 
coke, figiitod on tho charge. The avenige monthly prfidudion 
of a fumaoe is (vbout 360 tona of work-lm<i, which \a puriljed at 
the Pueblo plant. The furnaces are c^mrped by hand. Of the 
slag. 3f) per <^erl-, wt slMU, etc, is returned to iha i^liarge. Tlie 
monthly production {}f wnrk-Icad \% 2000 tona, carrying ir^Cl oji. 
of flilver and 2 to 6 cjk- of gold per ton. 

The matte amounts to about 8.3 per conl., and coutainft 
12 pvr cent, ccfpper. It iw ci>ucnntnit<id up to 4Ji per cent. Cu, 
vahkh 13 shipped (IfK) tftns amonth) foramtiltlng to blister copper 



THE PCTFTTT AHBOY PLA7VT OP THB AMERICAU 
SHELimC AND REFmmC COMPAUT* 

Bt 0. FtrvAin. 

TboK« work:* wore rrrr-inl in 1895 ^y tho ni]K;;eQbQtm SiceltTiif 
Company, Thf-y ilit HitUAtt^l on lljhriUn Hay, oppoAlt« tbe 
southern point of Statcn lalftnti, in a ponilioD offGriof Cxcellenl 
facilitlM for trftEuportation by InnH and by vmtcr, Tbo m&tmftb 
worked up are b^^ Imd huILion imd cm^^ coppor. ccdUuuiii; 
Hilvcir And gold, rhirfly drai^n from the company's siDclt«rieB 
in tfie United Sl&lp^ and Mcxj^'Ot Silver ore » received from 
South Americ&H The ores and boiso met&ls from M«Ktuo uid 
t^oiith AEnori<;a &ro broueht to Perth Amboy by the cooQp<uij's 
steamBhipB (Amorioan Smelters St^Am^bip Company). 

Ore Smutting. — The silver of« from 3outh AmerioA (contAinii^ 
antimony Jind mitfih silver, together with galena, iron arut coppw 
pyntes) is ctushei) by rtJIs and b iti&stfid duwn from 26 prr cviit. 
to 3 per ceutn £^ in 1 1 n-verberatory furnaces, 70 ft. lone and IS 
ft. wide (inside dimcnaions). It i» llic^n mixod with hrb i^alciu 
from Idiiho, pyrito« cinder, litbarge, eopptsr jiktmmings, and 
residues frorn the deailvcriKin^ procesSt tof^thrr with limeetoM. 
nnd is srTtelrerl for work-lend and lend-rnppnr miitto in thrro 
water^jocketcd furnacesp ii;!ing 12 per cent, coke, figured on tlie 
ore in the char^ Of these furnaces ono has 12 cuyene; it 
measures 42 x 06 in» in cross-secnon at the tuyerae, And 6 ft 
3 in by S ft. nt the charging level. The hight of chsjge b Ifi ft, 
Tlie other two f\imac6s have IC tnyere* eaeh, their eross-seelioa 
at the tuyeres being 44 in, hy I2ft m-. at ttie ch&reing l^^-el Q ft. 
6 in. by 12 ft., and hight of charge 16 ft. The fumaceo an 
operute<l at a blaet prawurn of 35 o»- per square inch- The 
temperature of the piiaea at the throat is l-W) de«. F. (60 deff. CO 
measured with n ColumbU recording ihemiometer, whtcb «orks 
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very woU. Those fumacee reduce^ re*pocrtivoly, 100 to i:iO and 
130 to 140 T^ns of chitrge per 24 hours; tb«y are ftlso used for 
rnjirptitrnHng n»i*<led nmri.e. 

Copper liffining. — The crmlc copper i* melted in luii rumncrti 
of 125 tons Bggrr^Ate ilnily capocityt nod ii melded Into AmHlcfl 
by WalktT outing macThincs, Twcnty-«nc ftncxioe Arc lifieU out 
of Ih* cooling; vessel at n itmo, fttid are taken to the deetrolytie 
pUnt. 

The electrolytic plaot coinpn«cB two eysteioAr eftch of 40K viitei. 
The current is furnished by two dynamofl, each giving 470(1 
smporea jit I0& voile, Tho cathodoe rdikaia in the bath for 14 
days. Tho weight of th« reeidual sQodee U 15 per cent. 

The ftrnd^ miul is Mvilled finwr intn rwwrvoJTi* in the cellar 
afl at CLroiiie (De LftoiJir Copper lie£taiag Comp&xiy), ie cltsoiied, 
dried and reined in a similar manDcr. 

Fer inciting the t^athodcfl there are two reverbi?rat&ry ftimacw 
of capacity for 75 tnna per 24 houts- The wire-bars and bKotfl 
are ciwt with a Walker machine. About 3200 tons of termed 
copper are produced per month. 

Copper SuIpho4c ManulGftuTc. —The lyes withdrawn from 
the electrolytic proeeee are worked up into copper aulphate, nhot 
copper beinf^ added, Thlif latter le prepared iti a reverberatory 
funuce from matte obtaintMi rh & by-product in working up the 
Itwi, Alxnit 2n(} tAiuK of <;opj*r aulpb^vle are- ihitn (jniilucrt-l jier 
month: the prriceaB used is the flame aa at the Oker worka. Lower 
a&Tz, Ccrmany. The crystals arc hnaed, dried and paoked in 
strong wooden barrels, 

L*a4 Rtjimng. — The working wp of the Mexicari raw lead ia 
earned out undtr the BUjiervifiion of Ihc cunloms offieors. Tlw 
leJid. which i;^ importwl duty free, imial lie iptportpd aRmn. From 
Cficb bjir a ^sample let rut from above and below by m«an» of a 
punch entennji half way into the bar, J'or rebnmf^ the loud there 
are four reveHwrutory furnai^ea of 60 tons ca|Mictty, with beanlv» 
17 fl. 9 in. by 12 fi fi in., n m<-un ilrplh of 14 iii„ imd n grate 
area cif 2 ft. 9 in. by ft.; in addition to these there is a furnace 
of 80 tonai cap^ily vrith a hearth ID ft. 7) in. by 9 ft. 6 in., a 
mean depth of IH in., and jcrate area of 3 ft. hy ti ft. 

For dwilveriaing the softened lead there are five kettlec, each 
of 60 torw rapacity. 10 ft. 3 in. diameter and 39 in, depth. The 
Sine in «tirmd in with a Howard niechanieEtl Mimsr and thi? £inc 
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LEAD SMELTING AND REFPflHG 

1 dry w A How&rd press* which gives a veiy dry 
tt«f ifl tbea, whiJe stUl vann, readily hammered 

the retorts. 
riied lead is refined in five reverbenuory furores, 

take ft cbarge of 50 tons each, ood oae of fib 
dactkiD of dfidJveriMd lead 13 5000 to 5500 Uta^ 



H Uoo of the sine cnuts is carried out in 18 ot)-fir««l 

iwr ai u/ tilting furnaces. Each retort receivee a charge 
01 1200 lb. of bioken-u[) cruet and a little charcoal. The diHtilla^ 
tiOD last« 6 to 7 hour^. Fifty gallons of petroleum rtsiduea are 
conBumed per ohar^- The oil is blown into the furnace with a 
eompressed air aTomlzer. Aft^r withdrawing the coTuJeOB^r, 
wliieh runs on u trnveling i^ppnn» the argentiferous le^d ia 
poured directly from the tilted retort into an English cupel fui- 
nace. Seven such ftimacee (ma^esia-lincdT with movable test) 
are in use, of which each works up 4.5 lo 5 tons of retort metal 
in 24 hours. The furrjaces are water-jacketpd. The blast is 
introduced by the aid of a jet of steam. Three tons of coal a;? 
ond pa- 34 hoax*. 

lor cieetitd jtic pvtii^ by the Ifoetnv prooev. 11» plaat c(m- 
Biota of 144 cdb in 24 divimoiis. The meui compootion cl the 
cdectrolytic bath is said to be as follows: 10 per cent- free nitric 
aeid, 17 grama silver, and 35 to 40 grains copper per liter. The 
current is furnished by a 62 k,w. dynamo. One cdl eonsunue 
260 amp. at 1.75 volts. One k.w. gives a yield of 1600 os. fine 
silver per 24 hours. The daily production of dlv^ to ^most 
100,000 01., and is exceeded at no other works. About $3,000,000 
worth of metal is always on hand in the different dqiartmoits. 



THE NATIONAL FLAFT OF THE AHERICAIT SMELTHIG 
AKD REFUmrG COHFAVY- 

By O, Pupahl 

(April 14, |0Oa) 

Thia plant, at South Chicago, 111., refines base lead bnllion. 
It oomprisee four reverberatory fumacee, of which one takes a 
charge of 100 tons* one 80 tons, and the other two 30 tona each; 
one of the small fumacea ia being torn down, and a 120-toa 
furnace is to be built in its place. The furnaces are firpd with 
coal from Southern Illinois, which contains II per cent, of aah. 

In softening the bullion, the time for each charge is 10 houra. 
The first portion tapped consists of dross rich in copper, which 
is followed by antimonial skimmings and litharge. 

The copper dross is melted up in a small reverberatoiy fur- 
nace, together with galena from Wisconsin (containing 80 per 
cent, lead), for work-lead and lead^copper matte* the latter con- 
tuning about 35 per cent, of copper; this matte is emiched 
to 55 per cent, copper by the addition of roasted matte, 
and is finally worked up for crude copper (95 per cent.) in a 
reverberatory furnace. All the copper so produced is used in 
the parting process for precipitating the ailver. The antimonial 
skimmings are smelted in a reverberatory furnace, together with 
coke cinder, for lead and a slag rich in antimony, which is reduced 
to hard lead (27 per cent, antimony, 0.5 per cent, copper, 0.5 
per cent, arsenic) in a small blast furnace, 14 ft. high, which has 
8 tuyeres. 

The softened lead is tapped off into caat-iron dceilveriiing 
pots, which usually outlive 200 charges; in isolated cases as many 
as 300^ For deailverizing, zinc from Pueblo, Colo^, is added in 
two inatalmenta, being mixed in by means of a Howard stirrer. 
After the first addition there remains in the lead 7 oc. of silver 
per ton; after the second only 0.2 oz. The first scum is pressed 

■ Abstract from & paper Id Zeit. /. Berg.- H^Uen.- tmd SaUnenwuen im 
jfreun. Staate. 190.^, p. 400. 
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in A Howard press and drntilletl: iHo «Mond n la^ed off and U 
iiHdi^l t» iUti iiFAt cliarge. The llowarii flurer la t]riv«ii by ^ 
smalJ titeam engine suspended over tbc kottic; Uw Hovord pneu 
bj compreaaod air. 

Kor dislillii^ 2\m ^iim» 12 Fftber da Faur tiUin^ retorts, 
hPulM wiLli ;tt-lff>let]iii ra^iiliie, are useil. Tlie urgent if erous lead 
(vriili 9.6 |mr oeot. silver) is U-^ufifeireJ from Uw r«Uvi to a pnn 
lined with rtit^dofy brick* which ia wheeled to tbe cupdliag 
hoarth Aud raised by meaus of oompraesed-air oylmdcirs, ito ua to 
empty lU molten conteotd thmugb a fthoirt gutter upon tba etipd- 
ling hearth- The eujielHng hearlhs are i>f the vrater-eixited HngliA 
type, iind aro ht-ntetl by ciml wiLb uiidtfr-graui bl*.it. Tbis rjwu 
irott tcflt rings, with r^nfor'ciiig ribo, are trmdc In two pQCC«a, 
slightly uruhed and water eoeled; iboy are roctorutular, witti 
mundeii cornert, und arc mounted on wbecla. The material od 
the bejkrth Is miirl. 

Ar^ntifermj^i Wd i.t addict ari thi? opcnition procvvda. and 
finally the doi^ btilhon Li poured from the tihcd l««t ioto thki 
bars () 100 ot.) for pnrtini;. 

The d^iivericnd load in refined In chafg«N of 28 totu (4 to 5 
hount) and 80 1') 00 tons (ft to lOhotm^, introducing «l«am throng 
Four to el^hln ImlMnch iinn pipM. T1i«! finct, Nkimmin^ coDtAiD ■ 
considerable proportion of antimony and arc tl^crcfore added to 
the ehancc when roducinjc the antimonial ^la^ in the blast funiaeo- 
The litharge bt workod up in a r^v«irboratory furnace for tead of 
socond iitutity. Th<! refined loud i« tapped off into a kettle, 
from wbieb it ia eaat into bar? through a sipliOfL 

The parting of Uie dor6 bullion is carried out in taidca of gray 
east iron, in which the aolution ia eCfoeltd nitb sulpbiuic acid of 
IMJ dag, B. The acid of 40 deg. B. eondensed from tho vapora ifl 
brought up to strength in leaden pana. Tn a aeeoful htrger tank, 
which ia slighcly warmer), a little gold depoutu frani the add 
aoluLion of eulphales. The ^lution a Iben tmnafcrmd (by ibe 
aid of ooraprceaod air) to the lari^ precipi^ating tank, and diluted 
with water. It is here heated with ate^m, and the sdlvor ia 
rapidly preelpllaied by copper plates (125 ptaioa ISxftx I in.) 
auapended in the arilulion fmm iron hixika cttvifred «tlb hnni 
lead. After the precipitation, the vltiiiM lye in aipboaiHt olT. Ibe 
Btlrer ia tnabod in a vat provided with a fabe tiotlom, ia removed 
with a wooden ihovel, and b praawd Lnto takes LO x iO x 6 to. 
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The refining is finished on a cupelling hearth fired with petro- 
leum residue^ adding saltpeter, and removing the slag by means 
of powdered brick. After drawing the last portion of slag the 
silver (0.999 fine) is kept fused under a layer of wood-charcoal for 
20 minutes, and is then cast into iron molds^ previously blackened 
with a petroleum fiame. The bars weigh about 1100 oz. 

The gold is boiled with several fiesh portions of acid, is washed 
and dried, and finally melted up with a little soda in a graphite 
crucible. It is 0.995 fine. 

The lye from the silver precipitation, after clearing^ ie evapo- 
rated down to 40 dc^. B. in leaden pans by means of steam coils, 
and is transferred to cryatalliiing vats^ The first product is 
dissolved in water, the solution is brought up to 40 d^. B. strength, 
and is allowed to crystallise. The purer crystals so obtained ore 
crushed, and are washed and dried in centrifugal apparatus; 
they are then sifted and packed in wooden casks in two grades 
according to the size of grain. The very fine material goes back 
into the vats. From the first strongly acid mother liquor, acid 
of 60 deg. B- is prepared by concentrating in leaden pans, and 
this is used for the parting operation. 



TUB EAST HELEtIA PLAIfT OF THE AHBRICAiT SMELTdC 
AlTD REFltfUIG COMPJUHY ' 

BV O- PUPAWI. 

The montKLy production of tbeae worke is &bout 1500 Loctf of 
ba«e bullion (oontaLniuj; 150 o>. Af; and 4 to 6 o«. Au per too), 
Aud VIX) tons of 46 per cent, copper matte. The baae bullion b 
ahlpped lo S^utfi Chicago, rhe matte to Pueblo. 

Tht :>r&-rO!uitiii^ m Joiie iii two luititeritn of ei^lil rt*vi?rbf*mt.orv 
fumucea and Iti Bruckner funmcea, the reeulting pnxitwt oon- 
t'ortin^ oil au average *2I> per cent, lead and 3 |)er cent, aalpbur. 
The eliarge for the bluft fumaeoa conaista of roastMl ore, neh 
galena, argentiferous red hematite* briquettcd flue dtut, tA%^ 
(iheht<) from the ftirnao^ iUelf. lead akiiumtiigK, **crap in>n and 
int. 

Pour tciu of the chorge are dumped over a nrilcr into a tov 
car, which b then drawn up an Inelioed plane to the chatiguic 
gallery by ran ^loorHc motor ard In then dumped inio the fumactfi 

The Iwo fi?*itHnguUr blast fumnocs (Ki!pir»' lypc) have eight 
tuyeres on eat^h (if their longer nidcs and easUiron water-jackeUi 
nf fl fL hjght. The bln.-«t i.5 delivered at a pnraoure of 40 ox. 
lead 18 drawn off thmuf^h a siphon tap tcto a cooling kettk. 
iuraa<!e haa a large foreh«iarth for iieparatin^ the matte and 
ftlug. The «lHg Ia ror^^ivod by a two-pot NMmith truielc, 
having a" aggregate capadty of 14 pu. ft. These trucks are 
hKulml Ui the dump by an electric locomotive. The abella are 
rGtumcd (o the furnaco with the chaise. 

The matttt (with about 6 per cent. Cu and the same peroentage 
of Lead) m tapped off into iron molds and after cooling is cruahed 
to O.^in, sia^, to Ik* roauted in ihe reverberatory furuacea and 
amelted up together iiJth niaaLml nrff fur a 15 \yi-s i^B^nt. m&ttft. 
Tht? latter im crushed* roaatcd and acparatcly timelted t€)£ether 

■ Abitiact fniro ft pftper in Zffii. /. B#rf-- //iton,- tmd jUiatnwMm mf% 
pw*. Siaale. 1906. i-. 400. 
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with silicioiiB ore for 45 per cent, matto, which is then aeat to 
Pueblo to be worked up into blister copper. The Hmall quAnUty 
of speiBB which iB formed ib broken up and returned to the bhut 
furuACee with the charge. The aUg oontwns 0>& to 0,8 per oeat. 
lead and O.fi oi. eilver per ton. 



THE GLOBE PLANT OF THE AMERICAII SKELTnTG AlfD 
REFimiTG COMPAITY* 

Thbi piftnt producer ISUO toim of baae bullioa per month ami 
toriH of lp«d-*r«pjjrr nmtte eonidiiiing -45 lo 52 per «»iit. of 
«)opprr Thr nrra Mndtnl on- iiiiJHtly fpum G;iluniiJo, but iucltide 
a1m> calenu froni ibe Ctrur d'Alcnr ftmJ other euppUee. The 
ilimcutono U quArnvd 14 nulw Erom Denver: coke and oo«J ftit 
Ibrought troin 'i'Tuudiul, Coto. 

All sulphiileA, cxuepi, (he itlimeft, rorLcentriLt^B «n<l the rich 
liliiho ore^. ure mosUHl. For mn>itJng (here arw: 

(1) Kifteen rcvcrljcrnlory tutna,f^cs. five of whkh nwAaurt 
61} X 14 ft.< and the other ten HO x 16 ft. «xtomal)y. In 24 Itoun 
lUiwo ron^l mx charKW of 4400 l!>. (&verag«) of moiat ore 4:f.l5 

ins of dry or**) from 28 to 30 p&r cpni. down to 3 to 4 per ceai. 
milphur- TCju?h fumiuir in atTiMided hy ihrca nino working in 
L2-hour flhifls; the i!t4?ker canui S2.75: Lhe r^oatcr*. ^-30. 

(2) Two [IfTjwn^O HftrtA fumar«, 90 fi. lonj;, with two 
hcnrths. nnd n. nmalJ fimtcnnK foiTLni^o attached. Thoy have 
ihrod gratosi on raic^h long >=i^*^r ^^^d lui'-h rouirts 26 touo of ore in 

tM hniirs down (n 1 pr*r rent sulphur. 

(3) Twelve Llruckncr funiaces* each taking 24 ton^' charge* 
with undcr-Ki'JLtc bltx^i. the air bein^ fed into Ibc cylindcni by a 
steam jot. AcnitrdiniC to iho zm*: eontpnt of tho orw the routtr^ 
opomtion ImstJi 7(1 to 00 hourn, th« fiimac*> mnkin^ one n*\-olntion 
ppr hour. The rnihHt.^d pn^ducT frnm thp nrncknrr fiiraAciw in 
prcaecd into briquets, together with fino ore. Hue diMt itnd lime. 

The smelting is carriod out in seven blnst furnace*, vitb 
18 tuyeres* bladt at '2-\b. pressuro, highl of fumaca IS ft. 6 in., 
eecUon at th« tuyeres 42 x t44 in. Tho ehai^ u 120 to 150 
tona excltisive of nlag and eoke. The alag and uho mntto are 

1 Abvlmd frocD mn article in 2tii. f. Brrg.' //tiHn- uiul 5afin«nf4v«n im 
|ireB««. SUuU, I90a, LUl, p, 444. 
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idii>pcd off Wfccthcr into iJoubl<^bow) Ncemith cats, wbici; are 
haulod, by an clcetnc locomotive, ro a r»?vcrbcralory fum&cc 
(hearth 20 x J2 fi,) in which lh<?y arc k^pt liquid, for several 
hourw, in chiirgi^ of 14 to I& tons, in urrif^r to eO^t complete 
svparalion. A littte work'teod la obt>ainei] in thia oj>i^nL[,i»ii, 
while the matte is tappcti off into ctuH-iron pana of one iou ca|iAc- 
ity, and the cJag, 0.6 to (1,6 per cent le^d, 0.6 to 0.7 os. eiiver, ia 
nmoved in 5-toti pots to the dump. 

The matur is linjken iip, crashed to 0-25 in. aiae, roosted in 
the reverlwratory (nrnarw, *inr!t.od for a 45 to .^2 per chtiL 
coppt'j matte, which ia shipped to bo further worked up into 
blifltor copper. The cnido matto contatua 10 to 12 per cent., 
copper, \'J to 15 p^ cent. Lead, 4U oz, fiilver and OX)b oz. gold. 

From the siphon tA|i» of the blast furnaces the work-lead is 
transferred to a csHT^iron kettle of 33 tons' capacity. Here the 
coF^r drow is removed, Uie oieial la niixeii liy intrikJuring 
ete^m for iO miuutcfl, aamplcdi and the lead ia cost into bars 
through siphona. It contains about 2 per eenL antimony, 200 oe, 
fiilver and 8 oz. gold This product is reined ut Omahs. 

The blast' fi]mai?e gnnes paw* through n. flue 1200 fi. long, and 
enter the bag-hoUM, in whioh thry are filtered thnnigh 41300 
cotton bags 30 ft, long and 18 in. in diameter. These bags are 
shaken every 6 hours. The material which falb to the floor ia 
burnt where it lies, sintered and returned to th« blaai fumaoes- 

In the engine house there are four Connerfiville blower*, two 
of whicli are No. K and two of No. 7 niee. Each blast fumncc 
requires 45,000 cu> ft, of air a niUiute. 

The workB give employment to 450 men, whoec wa^ea (for 
JO- to 12-houi ehifiB) are $2 to ». 
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Bt Hjaluak EniKasoii 

A few noi&A, gathered dar'mg & couple of years while I wu 
employed at one of the large lead works in the Houtheastem part 
of Spain, are of intert^t, nut as ahowiug good work, but for com- 
paring the reaulta obtained in modern practice with thoae obtained 
by what is probably the moet primitive kind of smelting to be 
found today. The plant about to be deacribed may serve aa & 
general type for thai country. Aa f^tr aj< I know, the exc^ptiona 
ure a large plant ai Maza^rron, fully up to date aod equipped wtLfa 
the moat modem improvements in every line; a smaller plant at 
Almeria, also in good ehape, and the reverberatory ameltiog of 
the carbonates at Linaree. It should be kept in miiid, however, 
that the conditions an; peculiar, iron ;ind machinery being very 
expeuflivc and manual labor very cheap. 

About i ft. above the tuyeres the lum^cG Is huUt of iiaoal<imed 
brick made of a black graphitic clay found in the mines near by; 
the upper part is of common red brick. The entire cost of one 
furnace does not reach $100. The flue leads to a main gallery 
3-5 by 7 ft., which goes down to the ground, and extends several 
times around a hill, the chimney being placed on the top of the 
hill, considerably above the furnace level. The gallery is about 
10,000 ft. long, and is laid down in the earth, with the arched 
roof juat emerging. It is all built of rough stone, the inside being 
plastered with gypsum. The furnace has three tuyerea of 3-in. 
diameter. The blast pressure is generally 4 to 6 in. of water. 
Neither feeding floor nor elevators are used, only a couple of 
scaffolds, the charge being lifted up gradually by hand in small 
convenient buckets made of sea-grass. When charging the fur- 
nace, coke is piled up in the center, and the mixture of ore, fluxes 
and slag is charged around the walls. The slag and matte are 
left to run out t<^ether on an inclined sand-bed. The matte, 
flowing more quickly, goee fiuther and leaves the slag behind, 

300 



i 




MELTING WORKS A5D REFLVErRIEB 



9D7 



but the MpftnUoD thu« obuincd », of coone. ttry oDHtirfftetocy* 
Tbo chaice mixtun u ««i^wd mad amdn lor «ft«b fuiniM Wfmf 
morning. When it m nil pot thnxigb, tbo tonaev b ran dova 
Toy low, without moy protcrtin^ cowr on the top; savenl irao 
bvs ftre dnreo throiigb tto funttce ai the db^^ftp level, br 




ta.4L- 



Ihokfaw op the ch^s^; the Wd « «11 tapped om, » h^ hde fa 
mede in the eniohle for the poipcM «f dcani^c M oat; efl ma^ 
tlotm tktt knmamd wiib m bar; t^ Ue fa doead vvlh OMd of the 
tUj: ben ■Jvimwral, wta the wwfth fa flfarf wkh 



LEAD SMELTOIO Df SPAIN 
Bt UiALu\ii Kbiksocw 

K Tew iiot«», gatheroiS duriii^ n caupl« of jfwu9 frUle I wM 
employed at one of the lug« Issd woria in this aoutbeafli«ni pui 
of Spalu. jirc of interest, not » showing s^ood work, but for cosr- 
poring the rcflulte obtuificd m modem pr&clicG with Uiocte obttuued 
by wlml le prabably the roost priiDiiive kind of HQicllii^ to be 
found today. The plAnt aboui to be described may serve u & 
gQDer&l type for th&t country. As fhr &« 1 know, fhe pr^itiona 
»n! a hiri^ pUut at Maiuirua, fuUy up i(t date iind wiuippprf vritli 
the most modem improv^moota in every tine; a Eimallrr plant At 
Almeria, also in good ahape, and the reverbefatory nmdtinx of 
the carbonaiee at LiniireB. It should be kept in mind, however, 
that the eondttioiu are peculiar, iron i^nd inaehinery being very 
nuprnjiivc iini) manual labor vnry nhnnp- 

About -4 ft- nbove the tuyerr» the furnace is built of imtialcined 
hriok niadc of a blaok ^iphitio oUy fouml in the irincs near by.' 
the upper purl la of common rod brick. The entire co«t of ojaa 
furnaces dotv nnt reach SIOO. The flu<? toubt to a main gallery 
3-5 by 7 ft-, wliiirh gi:iei» divvin la the grnnnd, iind ntlend? &everA3 
timea around a hill, the cJiimney being plucod on the tup uf the 
hiJI, eonaidorably ubuve the fumneo level The g&Ilcry b about 
10,000 ft. long, and ]3 Uid down in the earth, with the arched 
roof just emerging- It \ji all buill of rough stone, the laclde being 
plajitcred with gypsutn. The fumHi^c hng tbre« tuyeres of 34d. 
diameter. The blast pressure ia generally 4 to in, uf watt^r 
Neither feedine floor nor elevators arc used, only a couple of 
seafFolLiB, the ehargc being lifbxl up p'adually by hand in eraall 
eonvenionl buckets made of sca-graSB. Wlien charginR the fiir- 
niicc, coku is pilr-l tip in thp center, and th^ mixture of ore, fluxes 
and alog is charged around LIjc walla. The ^Ittf^ and vtnllf. are 
left to nin out loiscther on an inclined eajid-b«d- Tlio matte, 
flowing more iiuickly, goM further and leavce the sle^ bdund, 
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but the aopArfttion thu« obUtDcd m, of c<iui«Cr very luuatuifactoiy, 
Tbo obarge mixtura i« weighed lind miulc for ca^h fanuhce ovoty 
mominff. Wbeo it b all put through* the fumuc<> u run down 
very low, without »ny protecting cover on the top; nrrvmil ima 
bun &r« diiveu throiigh the furnace &t Lite aUg^tftp levd^ for 




PlO, 41.-t4|iwitnh UaJ DlMt 



holdiitg up ih/b cUargf?; ihtr Uiwl ix nil t*ppftl out; m big bole ia 
muidc m the cniciblc for the purpooc of cleaaic^ it out; alt eocr^ 
tiOEU arc loosened with a hur; the hnic la ctuecd irith mad of the 
graphitic day; hare am ^mov&d, when the cnicible I0 filM with 
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coke from the <"ent.f?r und the charging is continued. In xha 

a. furnate cah be kept nimimg for anv length of time, but at a 

great loaa of heut, and with a great increase of flue dust. 

The current practicOr in many parts af Spain, is to niD lh» 
same number of ore-smelting and of matte-smelting furnaces. 
All the sliLg and the raw matte. prutluteJ by the ore-smelting 
furnaces, is re^meltcd in the matte furnacea, together with some 
dry sliver ores. No lead at all Is prodaeed in the raatto fumaccSf 
only a matte containing up to 150 oz. silver per ton and 25 to 35 
per cent, of Ihe lead charged on them. This rich matte is calcined 
in kllna, and smelted together with the ore cha^e. 

The ores we sraelted were galena ranging from 6 to 83 per 
cent, lead and about 250 oa. silver per ton of lead; dry silver orea 
containing \\p to 120 tn. sliver per ton^ and enough oF the Linares 
carbonates for keeping the eilver below 120 ob. per ton in the 
lead. The gangue of the galena waa mainly iron carbonate 
Most of that ore was hand picked and of nut size. Mat'hine 
concentrates with more than 30 per cent, lead or containing 
much pyrite were calcined; everything else was euielted raw, 
The flux exclusively uaed, before i came, was carbonate of iron, 
which, by the way, waa considered a "eure-for-all." The slag 
analyses showed: 

CbO, below 4 per cent. A1|0,, 5 to 10 per cent. 

PeO> above 45 per cent. Fb, by fire assay, 0J5 to 2A per cent. 

8iOi, about 30 per cent. Ag, by fire aaaay, 2 to 3 oi. per totx. 
BaO, 5 to 10 per oeai. 

The specific gravity of the slag waa about b, or practically 
the Bame as that of the matte. The output of metallic lead was 
about 70 per cent.; of silver, 84 per cent- The working hight 
of the furnaces — tuyere level to top of charge — was at that 
time only 7 ft., and I was told that it had been still lower 
before. 

To the working hight of the fumacee waa added 2 ft., simply 
by putting up the charging doora that much- A very good 
limestone waa found just outside the fence around the plant. 
Enough limestone was substituted for the iron carbonate, to keep 
the lime up to 12 per cent, in the slag, reducing the FeO to below 
35 per cent, and the specific gravity to below four. 

The result of these alterations was an increase in the output 
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of mctftlEtc load, from 76 to 8& per oobt,; of »iJvor from 84 to 00 
per cent; a rompArativMy good ('^paTfttinn of viag and matw, 
and A slag ruTirmg fthmit 0,5 tn 0,75 p«r cpi^l, Pb and ],5 ox, Ag 
p«r ton. 

Owbp to the groftt extent of tho gallery. And the CGnse^iuent 
good tonJcneatioD of the tluc dust, tho total \osd of load and 
ver w&a much smaller than would \>q expected; tu DO case btinf; 

nd above 4 per cent. 

The cojiLpuaitidii tit itie cb^iri^e w&h ^r^ per cent^ ore and nxuitntl 
[natt«, 13 per cent, fluxes, And 32 per cent. Mag. Cokt^ uhcU waa 
11 per ccht. on chflrge, or 'JO per ceiit- on ore oindtod. Knvh 
furnace put through 10 to 15 tons of charge, or 7 towa ot ore, in 
34 houre. Eight men and two boy^ were required for each 
funiacH. including sUg haudtLiig and iiiahmg up of iht* chargt?. 
The i^cel of aiueltti^ waa 17 pe«etaa per ton of ore* whiuh at the 
usu^l premium (£1 — 34 pesetas >= (4.86) equals $2.43. Thin 
<ofit Id divided ae follows: 



goo 



CoU..., ,,, ,„,, »LC 

rhiM* ,,.. , OM 

Ulwr 0.6S 

Ooftt tor power O-IQ 

GoaomI cxpttDMB 0.17 

TOttI «3.43 



This €2,43 per t<in included all cxpen:*C£t of whatever kind. 
The iron (.'arbonato llux contained lea<i and nilvcr, which wati not 
paid for. The (luxes are crc^it^ for the actual value of thia 
Imd and silver. Without making this dJitrnimt, the co*t of flux 
would nmuunt la 26c. per toiu making the entire Mitpliing cost 
come t4i $2,66- A.k an explaiiation of the low cosi of Inbor, 
it may l>c noted that the wages were, for the fumaee-man, 
2.2& poMta«, or 32c. a day; for the help^rv^ 1-7^ p«*)Ha«r or 2&e. 
a day. 

The haJii* for purchanlng the galena ore nay here be given, 
reduced to Amoricati money, lead and silver otc paid for ac- 
eordinz to the latest quolationa for refined motale Riven by the 
Hivi^tc Mintra, published at Cartagena. (The quotationit are 
tlif actual value in Can&genn of ihe London quotattonit.) 

The following ducounts are made: 5 per cent, fur both silver 
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And lead; S6.40 per ton on ore coDtaining 7 per cent. Pb &Dd 
bdow; thtB rises gnujuall? to a diecount of $7.75 per ton of ore 
eontdning 30 per cent. Pb and above. 

The transportation is paid by the purchaser and amounts to 
about S1.20 per ton of ore. 

The dry mlver ores were cheapo* Uian thia and the lead cai- 
bonatee much more expensive. 



LEAD SXELTIVG AT HOlTTEPOin, SAKDDIUi 
By Ehminio FEBRAitia 

In dreesiiig mixed lead and zinc carbonate ores by the old 
method of gradual cniBhing with rolls, middling products were 
obtained, which could be further separated only with much lose. 
Inasmuch oa the loaseB in the metallurgical treatment of euch 
mixed ore were reckoned to be less than in ore drewing, these 
between-products at Monteponi were saved for a number of 
years, until there should be enough raw material to warrant the 
erection of a small lead and zinc smeltery. 

In 1894 the lead smeltery in Monteponi was put in operation; 
in 1890 the sine smeltery was started. At about the same time 
the reserves of lead ore were exhausted » and the lead plant then 
began to treat all the Monteponi ores and a part of those from 
n^hboring minee. 

As will be seen from the plan (Fig. 42), the smelting works 
duster in terracee around the mine shaft* covering an area of 
about 3000 sq. m. (0.76 acre); the ore stocks and the pottery of 
the line works are located in separate buildings. 

During the first years of working, the slag had purposely been 
kept very rich in zinc, in the hope of utilizing it later for the 
production of tine oxide. It had an average zinc content of 
16.80 per cent., or 21 per cent, of zinc oxide, with about 32 per 
cent. SiO,, 26 per cent. FeO, and 14 per cent. lime. According 
to the recent experiments, this stag can very well be used for 
o;dde manufacture, in connection with calamine rich in iron. 
The slag made at the present time has only 15 per cent. ZnO: 
25 per cent. SiO,; 16 per cent. CaO; 3 per cent. MgO; S3 per cent. 
FeO; 2.5 per cent. AljOg, and 2 per cent. BaO, and small quantities 
of alkalies, sulphur and lead (1 to 1.5 per cent}. 

The following classes of ore are produced at Monteponi: 

1. Lead carbonates, with a little zinc oxide; theee ores are 

1 Trannlatod from Oed. Zrit. /. Berg.- und Hiitimveven, 1006, p, 465. 
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screened down to 10 mm. The portion held back b7 the screen 
\a sent atraight to the shaft furnaces; the portion passing through 
is either roasted together with lead sulphides, or is nntered by 
itself, according to circumstancea. 

2. Dry lead ores, mostly quartz, with 10 to 16 per cent, lead, 
which are mixed for smelting with the lead carbonates. 




Fw. 42. - General Plao of Worka, 



3. Lead sulphides^ which are crushed fine and roasted dead. 
Quartz sand is added in the roasting, in order to decompose the 
lead sulphate and produce a readily fusible silicate; as quartz 
flux, fine sand from the dunes on the coast is used. This is a 
product of decomposition of trachyte, and contains 88 per cent. 
of silicsi together with alkaliea and alumina. The roast is effected 
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in two hand-rAkni reverber«itory funiAcOfl, IS m. long, wfakh 
turn out 12,000 kR. «f roaateti ore in 24 hours, coofiuming 1800 k^. 
of LnjEfioh cannnl i<i>eiI. or 2M> Iq;. of SardiniaD ligDil«. Thne 
IB a1«o ft third rowrberutory furoftoe, proWded with a tusioa 
chftmb^r, which i!< uve^l for roEiftting iimltci mid for liquatlag 
yurJous secoTuifiry pmiiurtw. 

The char^ for the shaft ftimncc, axt a rule, oonaiata of 50 per 
rut, crc (crude nnd roftiited), '20 per cent, ttuxce and 30 por cent- 
£lag of suitable origin. The Eliixefl uimhI Arc llm^tone from the 
miner containing 98 p^r ornt. C&CO^. fuid IJrnoniie fmm the 
cal&mine depiwita, ThiJ^ Irnn nrr rontniitn IH pi*-r ccul, Pe^ tiot 
more than 4 per cent. Za, a littlo lend and tracer of copper and 
eilvor. 

A shaft furnace will work up a charges of 00 tonji, equal to 
30- tone of ore, in 24 hours, with ix vttkti ron-Huniplion of 12 per 




Pio. 43— EJevfttion of worlu on Hoe A G C D E P of Fig. 43. 

cent, of the weight of the charge and u blast presflure of 60 mm, 
of mercury. There are three funmces, of whi^^h two ur« iwod 
allbnmtcly ft)r Hiiieltmg had unv, while ntit; mi miliar furnnct^ WTVts 
for Bmelting down productt^, nuch tut hard lead; copper matte and 
copper bolloniw- 

Fige. 4:f 1u 46 Efhow one of the fumacciH. It will bo rtoon at 
once that ita construction is ainiilar to that of ihn Jitandard 
Aiiit-rit-'an furtiniij*. Piln furnm-re* wi*r<" frirtl iei thf- fin^t few years, 
but were finally nhafi^ionrd. 4.H thoy could not be kept runoing 
for any dalitifjbHory Innffl.h of time with aXngjn rich in zinc. Dilut- 
ing the Hlug, on the other hand, would have led to an ineroosod 
coke eanmmipiion- und would havo rendered the idag itself worth- 
lees. Thi? furnjire, Imwevpr, clifTi^m in w^vimtl rrapenrts fmm itfl 
Amtrncan prototype; the following arc si?nir of the chief charac- 
toriutioe peculiar to it: 
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The chinmey nbore the fccd-Qoor ooven one-Uunl of ibe 
forittee dhtft, and Is tunwl down in the form ol « svphoo, lo 
etmMct with the ttte-dwc vbamber. The lateml Cmwb, vUtb 
urn Ml open, it^rve u charging afnturee; ib« rertinJ OMf of 
thnr. provkinl nltb a couDtcriiabnc«d sheeUbiui door, is mod 
for rbnisins from torH. The aquuv opeoioga at the ttula. which 
ore ccT«rod with ca«t-iroD plitee, are used for bamns dovm the 
rtima«« thtSi and may abo be used for char^i^. By thai ar- 
ranjcrawnl, UigHJirr ihilb ttt« lvn> boppc-m pUnvl latfindly oa 
Ihr chuniic!/. it is ponible to distribute the chaigc in «ity dannd 




S««HQ £ F 8*ctioD G U. 

Fm, 44--StBlt FitfBMV Cor Lwd 8tf>cllinfi. 

manner lyver the wli^ mMs-sectioD of the fumaee. Tbia arrange 
ment greatly faciliiaua the removal of any ac«ralioiKf hi the 
furnace shaft, aa tlie ceKktraltj placed ehimney ralchca all the 
amoke, while the chaig&^ioloQ render the furnace ac««tible on 
all ndee. In eoae of larRC aocrciioiu bcins fonned^ thv wbolft^ 
furaaoe oaa be eonptied, cleaned and mtartod m 24 to 36 

The smehiitg too^ ia enckiowd by ca«t-iitMtl pbum 50 tm', 
hijch, inMead of havi:^ a waM-'jarkpt. These axi* oookd 
dfsinid by turning a >ct of wat«c on tbetn. The pUirA ur tt>[ 
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to the funtacei shaft hj & bonh wiili 25 era, thick, whioh 

also Are cooled frocn the oulhiile by epr&ys of \v&t«r< With this 
arraiigement th« coD^mptioti of water ia Icfis thim with walcr- 
]a<d£tit«, oe fi part of the water ia vaponaod, and thi? dunf^r of 
leikAge of the jackets ia avoided. The cast-st^pJ yHim uto 
laade b two pattams; there are two similar nid(*.plHfJTi, mch 
wilh f(JUr filii» f'fr (In- [uy<"-M"s, nntl two ttiJ-jjlatcs, provided with 
m circular hrtojd of 3() cm, ajjcrturr, for tapping the «!ac, The 
bnaat ia cooJed by water Howin^ down, and is cloeod in front by 
p]Et« of Bbeet iron, to which ia the tap-hole for running off the 




Beotioa J L, Section D. 



ah^!. When oletming out, this ahocliroa plate is removed acid 
inbe breast is opened, thus providing easy accees to the h«artb, 
thB four eaet-«Iee1 plates tire anohored together with bolta at 
iheiT outer rilra. and rcat on two long, gutter-«haped piecca of 
abcct iron, which citrry off all the water which flows down, and 
keeip it away from the brickwork of the hearth. 

The hearth, comhI with boiU^ plate and rtiHa, has at the side 
a nnM-imn pip? of !0 f.m. diumrf.rr for druwing off the lead to 
ibe oulN<]fT kettle; tlua pijtv hjui a nlight downward inclination, 
to prevent the alag RowinR out ; cvcr>- 20 minuted kad le tapp^. 
id Uie end of the pipe it then plugged up with clay. 
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The futnMM shftft is supported upon a hollow mentel, whiA. 
earvw at the suae time ea blest-pipe. The blest-pipe has ei^ 
let^el teoB, whkih ere oonneoted by oenTas hoee with the ei^ 
ti^ercB. The mouUi of the tuyene bu the form of a horiaontel 
fllLt, wher^ the air is distributed more evenly over the entiie 
aooeof funon. 

The preoipitatum of flue dust is effected m a hikk condeoarag 
ohamber, plaeed near the be^mun^ of the nuun flue. The mam 
flue tenninatee on the hill (see ^. 43) in a ehimney, Uie top of 
whioh is 160 m. above the ground level of the worice, aff(»duig 
«)coellent draft. The condensing chambw (Figs. 49 to 51) eon- 
«sts of a vaulted room, 3.40 m. wide and 6^ m, longr which is 




u- y. 



Fig. 46. - Shaft Funuce for Lead 

Smelting. <8eotion A B.) 

divided into twelve oompartments by one lon^tudinai and Eve 
baffle walla. The gases change directioti seven times, and paas 
over the longitudinal wall six times, being stnick six tim«e by 
£ne sprays of water. The six atomisers for this purpose consume 
1.5 liter of water per minute, of which four-fifths is vaporized, 
while one-fifth flowB o£F to the lower water basin. By this means 
10 to 15 per cent, of the total flue dust ia precipitated in the 
condensing chamber itself, and is removed from time to time as 
mud through the lower openingSi which are water-sealed. The 
remainder of the volatiiiaed water precipitates the flue dust 
almost completely on the way to the stack, so that only a short 
column of steam is visible at the mouth of the stack. The flue 
to the stack passes for the moat part undei^round through abaa- 
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id K^illmcfl, thu* providinje; a variety of diunffoi in 
knd in liinwtiou, and &««Utuig matcmlly the itctiOQ 
of tKe oondf»iiKJng chftRiber. 

As thn (»bflirg*< nf Ibp jchaft fiimao** La pnt>r in ^\]]pbur, no 
real maltc » produced, but ou]y wurk Ifjui unil Ipju) ashes (Blel* 
Achaum], whkh contains 00 por cent, of Inid, 1.0 per cenU sulphur, 
0.4 per oont. sinr, 0.8S por cent. C\j., iKW prr cent. Fo, and 0.22 
per cent. Sb- By liqustfion «nd ci poducinR unclt in a reverbcm- 
Uiry fitnijioe. mnat of the lead is obtuincd, lUotif; with a lead- 
copper maU«> whiHi im Miii?kei.l for i:opper nuttlP and antiiiionmt 
lead in the bUat funmce. 




PiQ. 4n. — Fuino Oondeiiscr {ShIiod A B) 

Tb€ copper matte, cortainicg 18 per cent, Cu, 25 per cent- F«, 
30 |)cr cent, Pb and 18-4 per cent. S, is rou^ud dead in a rever- 
boratory fumacic, is sintered, and melted to copper-liottorna in a 
small ahaft. furpace, These topper-bottoms, which contain 60 
prr i^i^nt. coppt^r and 25 per ccnt^ Icad^ are nubject^ to tir|uiitum, 
sod Goally refined to blister coppei. 

The einc-dei^ilvcrinc pUnt, Kig, 47, conciata of a rovcrboriLtory 
VOftOTung fumaco, two dceilvoring kMt1c« of 14 torn oupucity, 
8 pan for liquating tb^ sine crust , and a small ketlte for rf'^^riving 
the Ipiftd fmm the liqnntion proreaa. 

This pan has the advantjbg« over lh« otdiiiary Uquatiiig kettle, 
that the lead which drlpa otf is umnediately itmoved. bc^fore it 
can dieeolve the alloy; the ^ver oofitenl of the liquated lead 10 
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Bcaicc^y 0.05 per cent., while the dry alJoy cont&ina 5 to 8 per 
cent. 

The removal of the dnc 18 effected in a second Teverberatory 
furnace. Foimeriy the Bteam-method was used, but the rapid 
wear of the kettles, and the excessive formation of oxides called 
for a change in the process. The ainc-silver alloy is distilled in 
a crucible of 200 kg. capacity, and is cupeled in an Enghah cupd 
furnace. The details of the reverberatory furnace are shovm in 
FSg. 48. 

The cotnpoatJOQ of the final products is shown by the following 
analyses: Lead: Zn, 0.0021 per cent.; Fe, 0.0047 per cent.; Cu, 
0.0005 pa- cent.; Bb, 0.0030 per cent.; Bi, 0.0007 pa- cent.; Ag, 
0.0010 p^ cent.; Pb, 99.998 per cent. Silver: Ag, 99,720 per 
cent.; Cu, 0.121 per cent.; Fe, 0.005 pv cent.; Pb, 0.018 p^ cent.; 
Au, 0-003 per cent. 
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